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METHOD FOR MAKING SAME 
(005092.00018) ' 

Cross-Referenced Applications 

This application claims priority to commonly assigned U.S. Patent Application No. 
60/239,01 0 titled "Microfluidic Substrate Assembly and a Method for Making Same" and filed on 
October 06, 2000, commonly assigned U.S. Patent Application No. 60/239,063 titled "Liquid 
Separation Column Smart Cartridge " and filed on October 06, 2000,. commonly assigned U.S. 
Patent Application No. 60/238,805 titled 'liquid Separation Column Smart Cartridge with 
Encryption Capability" and filed on October 06, 2000, and commonly assigned United States Patent 
Application No. 60/238,390 titled "Microfluidic Substrate Assembly and a Method for Making 
Same" and filed on October 06, 2000, the entire disclosure of each of which is hereby incorporated 
herein by reference for all purposes. . 

Field of Invention 

The present invention relates to flmd-handling substrate devices and more particularly to 
micro flui die substrate assemblies and to methods for making certain preferred embodiments of such 
_ microfluidic substrate assemblies. 

Background 

Systems for biochemical, chemical, and molecular analysis can be miniaturized as substrates 
with multifunctional capabilities including, for example, chemical, optical, fluidic, electronic, 
acoustic, and/or mechanical functionality. Miniaturization of these systems offers several 
advantages, including increased portability and lower production cost Such devices can be 
fabricated from a diverse ensemble of materials including, for example, plastics or polymers, metals, 
silicon, ceramics, paper, and composites of these and other materials: Typically, such substrates 
; include fluid channels extending .within them for the transport and/or analysis of fluids or 
components . contained, in the . fluids. Additionally, .the channels \ may .contain fragile or 
j • ^ , envrronm devices used for 

, . . , analyzing the fluids or components contamedtherein. :r , Mesoscale samplepreparation devices for 
providing microvolume test samples are described in US patent No. 5,928,880 to ffiilding et al. 
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Devices for analyzing a fluid sample, comprising a solid substrate microfabricated to define at least 
one sampleinlet port and amesoscale flow channel extending from the inlet port within the substrate 
for transport of a fluid sample are described in US patent No. 5,304,487. 

Currently known miniaturized fluid-handling devices have not met aD of the needs of 
5 industry. Also, methods for assemblmg mimaturizedfl 

..: or more respects. The ^fabrication of solid substrates to produce mesoscale devices is not 
adequately suited to cost effective, flexible production of suitable fluid handling devices. Current 
, thermal welding methods, for example, are unsuitable or ineffective for fluid-handling substrates 
having, ..Lb., incorporating or embodying, environmentaUy sensitive elements. More specifically, as 
noted above, the channels formed in substrates produced by thermally welding together pieces, 
layers, or the like may contain environmentally sensitive elements, such as microstructures or 
devices that could be damaged by exposure to high temperature or intense radiation. Thus, current 
memod^usedforweldrngplasucpiecestogemermayrequire 

being welded could reach over 500 degrees centigrade,' a temperature that could easily destroy 
sensravefluidanalysisordetectioncbmpon^ 

channels of a substrate, and could destroy the walls ofniimaturized'channels, e.g., channels formed 
bymicro-machiningintheplastic layers joined together to form a fluid-handling substrate. 

Other methods of joining plastic or other substrate pieces together include solvent-based 
sealing, high pressure and temperature based sealing, and adhesive based sealing. Additional 
problems exist with these methods used to seal channels. Adhesives require time to cure, which 
slows manufacturing. Also, adhesives may require difficult control of pressure during assembly, 
since too Utile pressure may result in an inadequate seal and excessive pressure can squeeze the 

• adhesiveintothe channels. Adhesives also must be apphed carefully so as not to produce areas that 
are so thick as to alter the dimensions.of the channel. Solvents and the chemicals in adhesives may 

^contammatemeto^ 

; -mmecharmels,'Certamcon^^^ 

the adhesives which may vesultmpomiim^kiets in detecting the components of interest in 

the Solution.''' '"' ' - ■ • - ■■ : ' ■<•■ :.Mf« ;-: 

Therefore, there exists a need in the art for unproved fluid-handling substrates, and for 
methods for manufacturing fluid-handling substrates that avoid damage to substrate elements and/or 
heat-sensitive components contained within such substrates. It is a general object of the present 
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invention to provide improved fluid-handling substrates, particularly micro-fluidic substrates, and 
improved methods of forming such fluid-handling substrates. These and other objects of the 
invention will be more fully understood from the following disclosure and detailed description of 
certain preferred embodiments of the invention. . 

5 ■ ■ ■. 

. Summary . 

/i ■ ■ 

in accordance with a first aspect, fluid handling devices are provided, comprising a multi- 
. layer laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
. channel (also referred to in some cases here as a microfluidic channel or a microchannel of the multi- 
. layer laminated substrate) within the multi-layer substrate in fluid communication with the inlet port 
\ for transport of fluid to be tested, analyzed or operated oil Preferred embodiments of the devices can 
be utilized in a wide range of automated tests for the analysis of a fluid. As used here fluid refers to 
gases, liquids, supercritical fluids and the like, optionally containing dissolved species, solvated 
species.and/orp articulate matter^-JTestiQg or-analysis.pf -E.fluid hBs-a bro Bid meanings -including - any 
detection, measurement or other determination of the presence of a fluid or of a characteristic or 
_ property of the fluid or of a component of the fluid, such as particles, dissolved salts or other solutes 
: or other species in the fluid. Especially preferred embodiments of the fluid handling devices 
disclosed.here are operative to perform liquid separation analyses. That is, the devices perform or 
are adapted to function in a larger system which performs, any of various different fluid separation 
test or analysis methods, typically along with ancillary and supporting operations. 

• In accordance with another, aspect, the fluid handling devices include a substrate assembly 
comprising a multi-layer laminated substrate microfabricated to define at least one microscale fluid 
flowpassage. Numerous materials are suitable for the individual layers of the substrate, depending 
on the use environment and functionality intended for the device. . Suitable materials include, for 
example, polymers, plastics, e.g. rigid or flexible, plastics, glass, ceramic, metal, silicon, ,etc. and 
combinations of numerous materials. In certain embodiments, additives, such as carbon black, dyes, 
, - titanium dioxide, gold, e.g. ^ electroplated gold or electrolessly plated . gold, carbon particles, 
: . - additional . polymers, e.g. a secondary polymer or second phase polymer reactive with the primary 
_ polymer of the laminate layer, IR, absorbing materials, : and thelike,-may be included^ as : a ( surface 
^ coating and/or ;a body ffller,/in ,tiie iratm^i^ed^to form any^of the:.layers ( of the multi-layer 
: . t Jaminated substrate. j A l ayer fo rme d of noaterials suitable for xnicromachining : may be used, for 
- v examplei mother layerfo^ thin film or 

: 3 



WO 02/28532 PCT/US01/31333 



• - other surface treatments. Given the benefit of this disclosure, it will be within the ability of those 

skilled in the art to select materials for the substrate suited to the particular application. The substrate 
assembly may take any of numerous forms, e.g., a manifold in fluid communication with an 
instrument, a cartridge, such as the cartridge described in the commonly assigned U.S. Patent 
Applications incorporated by reference, or a component of a cartridge for performing one or more 
operations on a fluid, for example, fluid analysis, testing, reactions, detection or the like, such as by 
gas chromatography, liquid chromatography, electrophoresis, or other fluid separation and analytical 
techniques. As further discussed below, any one or more of various different operations may be 
performedby the substrate assembly, employing, for example, heating, cooling, mixing, electrical or 
electromagnetic or acoustical (e.g., ultrasonic) forces, pressure differentials, etc. Exemplary unit 
operations which may be performed by various different embodiments of the substrate assembly 
disclosed here include fluid mixing, reacting, analyzing, extraction, amplification or focusuig or 
concentration, labeling, filtering, selection, purification, etc. information such as the identity of the 
ra ^ a te'H3semb!y r me-r£sult3cf^ 
at that time mayoptionaUy be digitally or otherwise recorded, such as man'on-boardmemory unit or 
the like carried by the substrate assembly or by another component of a system in which the substrate 
assembly is employed or in communication with, either by wire or by wireless communication, for 
example. One or more of the aforesaid operations may be integrated into the substrate assemblies 
disclosed herein. 1 i;.. 

m accordance with another aspect, the substrate assemblies disclosed here are '^microfiuidic" 
m mat meyoperate effectively onmiCTO-scalefl^ 

as about lm!/mm, preferably about 1 00 ul/min or less, more preferably about 10 ul/min or less, most 
preferably about 1 ul/min orless, for example about 100 nanoUters/min. Total fluid volume for an 
•LC or other such fluid separation method pefformedby substrate assembHes disclosed here, e.g., in 
supportof a water quality test to determine the concentration ofanalytesmme water being tested, in 
accordance with certain preferred embodiments, can be as small as about 10 ml or less, or I ml or 

: - less, preferably 100 micrfoKefs, r mbie preferably 10 micfohters 6r even l microHter' or : less, for 
example, about 100 nanoIit'ersV As used herein, the term "microscale" also refers to flow-passages or 

"cl^annelsand bmer stmctural^ 

3 or moremicrochannels of the substrate preferably have acrdss-sectional dimension (diameter; width 
or height) between about 500: microns and about 100 nahomefersKTli^ 

• Tahge^memicromrinel^af^ 
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within the laminated substrate, and chambers and other structures within the laminated substrate, 
when viewed in cross-section, may be triangular, ellipsoidal, square, rectangular, circular or any 
other shape, with at least one and preferably ail of the cross-sectional dimensions transverse to the 
path of the fluid flow. It should be recognized, that one or more layers of the laminated substrate 
may in certain embo dim ents have operative features, such as fluid channels, reaction chambers or 
zones, accumulation sites etc. that are larger than microscale. Additionally, the multi-layer laminated 
substrate maybe attached to one or more devices that are larger than microscale and optionally have 
an adaptor such as a valve, for example, to provide a suitable interface with the laminated substrate 
and/or to regulate the fluid flow rate into the laminated substrate. The multi-layer laminated 
substrates disclosed here can provide effective fluid analysis systems with good speed of analysis, 
decreased sample and solvent consumption, the possibility of increased detection efficiency, and in 
certain embodiments disposable fluid-handling devices. 

In. accordance with an additional aspect, the microfluidic nature of the substrate assemblies 

1 * , , -3 Z£Z -^-. — -1- r-l^r-A — T — — — — 1 " - A }* — ~ ^ ^T- ^t. . 

UifiCiUbCUJ-ldcpiUYiUCO r>i ^ni ii yen U L/Uimiici v^A oj. au v cjj uxgcrTi^cao ocuix^iw nuiu xo lv-^hjj.v>*-4 rriuvu juui 

certain applications can present si gnifi cant cost reductions, both in reducing product usage (for 
example, if the test sample is taken from aproduct stream) and in reducing the waste stream disposal 
volume. JSamples canbe concentrated prior to separation and/or entry into the microfluidic substrate 
assemblies. In addition, the microfluidic substrate assemblies can, in accordance with preferred 
embodiments, be produced employing micro electromechanical systems (MEMS) and other known 
techniques suitable for cost effective manufacture of miniature high precision devices. The micro- 
scale fluid flow channels) of the multi-layer laminated substrate of the microfluidic substrate 
assembly and other operational features and components of the microfluidic substrate assembly, such 
as components for liquid chromatography or other fluid separation methods, heating or cooling fluid 
handled by the assembly, generating electrical or electromagnetic, or acoustical (e.g., ultrasonic) 

, forces on the fluid, generating high pressures or pressure differentials, fluid m i x ing, reacting,. 

. . analyzing, extraction, . amplification or focusing or concentration, labeling, filtermg, s selection, 
purification, etc., can be integrated into .the multi-layer laminated substrate,, mounted onto the 
substrate as an on-bpard component, or incpiporated. ^ewh^Jn the imcrofluidic substrate 
assembly. .Such . operational devices, including, for ; example, devices integrated ^ an. external 
co_mpon^t-on-to ^d/or devices^ 

. ^embedded.wiflfe .the ,bo^of fbe.s^^ 

^mcrpflui^ ... Ijik . 
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In accordance wim another aspect, fluid handling devices are provided comprising a multi- 
layer laminated substrate defining at least one fluid inlet port and at least one microscale fluid flow 
channel within the multi-layer laminated substrate in fluid communication with the inlet port for 
transport of fluid to be tested. At least one operative component is mounted aboard the multi-layer 
5 laminated substrate in communication with the microscale fluid flow channel. In certain preferred 
embodiments the mounted component (refeif ed to here also as a "component-on-board" or by similar 
tenn)is m fluidcommunicationwimm^ The componenton-board 

can be any of numerous components useful for fluid separation methods or other operations. 
Exemplary components include heaters, coolers, pumps, fluid reservoirs, mixers, e.g. ultrasonic 
10 mixers, sensors-the fluid separation conduit cartridges as disclosed in the commonly assigned U.S. 
Patent Applications incorporated herein by reference, and other devices discussed here.. As 
discussed further below, any necessary or desired function not performed by a suitable component- 
• on-board can be performed by other equipment associated with the microfluidic substrate assembly. 



""'As an example or components ot -thTmfflti^aj^aminatM 
15 microfluidic substrate assembly incorporating or mtegratmg such fluid-handlmg substrate^ 

embodiments will advantageously comprise a heating/cooling element for controlling . the 
temperature of fluid being tested or measured, e.g., an electrical heating element and/or a 
refrigeration element. An electrical heating element may be integrated into 1 the substrate, with 
electrical elements for power mated to matching electrical contacts in a larger associated device 
20 which receives the substrate. Alternatively, the larger associated device may include internal or ' 
• external heating devices, "such as a laSer or other source of electromagnetic energy. A 
microprocessor may be used to regulate the heating element and/or control other functions of the 
microfluidic substrate assembly. A thermocouple may also beprovidedm the substrate in electrical 
contact with the associated device to allow such microprocessor or other electronic controller to 
25- detect and maintain desirea fluid temperatures. A "cooling element, - -such as a miniature 
' H ' thsnnoele ° t ric heatpump (Materials Electronic Products Corp., Trenton, KJ^may also be'ihcluded 
in the associated device for a^justmg me tempera^ -k, ? 

- m accorc^be wim aiiomerispect; fluidn^ 
planar nlM^iah^^suKt^d^^ji least one fluid inlet port' at least one'micfoscale 
30 - - fluid flow channel afl&fr ^i&rSlfiaa Grieve! witfcn ^iMBZ^mm&smmii for 
: t^sport of fluid tobe^ 

multi-layer lami^atgd- ; su%M^for flmd^c 
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channels are referred to in some instances below as interlayer microfluidic channels, in preferred 
embodiments, the microscale fluid flow channels at each of multiple levels within the substrate are 
formed at the surface-to-surface interfaces between layers of the substrate. Two levels of 
microchannels are formed, for example, by a PEEK or other plastic plate or disk having 
5 micromachined or micromiiled grooves on both an upper and lower surface and sandwiched between 
two other layers of the substrate: A through-hole micromachined or otherwise formed in the plastic 
plate passing from an upper surface groove to a lower surface groove provides a fluid 
communication via, e.g. provides a fluid flow channel. Ia certain preferred embodiments one or both 
of the sandwiching layers of the substrate is a flexible sheet or film. As used here, the term 
10 "generally planar multi-layer laminat ed substrate" means card or cartridge-like, optionally being 
curvo-planar or otherwise irregular, but typically being rectilinear or right-cylindrical, and having a 
thickness less than about one third, preferably less than one quarter, more preferably less than about 
one fifth, e.g., about one sixth or less, the largest dimension of the major (i.e., largest) surface of the 
— laminafed WDstrat^ 

15 without including any external components mounted on-board the substrate. Nor do they include 

electrical leads or connectors or conduits carrying sample fluid to or from the laminated substrate. r 
One or both of the sandwiching layers can be welded or otherwise bonded, selectively or not, to the 
micromachined layer to provide fluid-tight sealing along the microchannels. Additional levels of 
microchannels are provided by stacking additional micromachined plates in the substrate. 
20 Directional references used here are for convenience only and not intended to limit the orientation in 
which the multi-layer laminated substrates are used -In general, the multi-layer laminated substrates 
can be used in any orientation; solely for puip oses of discussion here, they are assumed to be in the 

* orientation shown in the drawings appended hereto. . One skilled in the art, given the benefit of tiiis 

• disclosure, will recognize that microchannels and vias of the multi-layer laminated substrate can 
25 have any suitable configuration including straight, curvo-linear,- serpentine or spiral. The cross- 
sectional configuration of the microchannels can be regular, i. e., uniform, or irregular, to suit the 

" heeds of ah intended application." ? , '-'->'"-' --"V^'v vy. ;~ 

In accordance with another aspect,' fluid Handling devices are provided compiising a multi- 
layer laminated substrate defining at least one fluid inlet port and at least one 'microscale fluid flow 
30 ' channel within the multi-layef substrate in fluid communication with the inlet port for transport of - 
v ' fluifl to be tested, wherein it-least one layerlof'-tlie multi-lay^Iaimhafed substrate is" formed of 
^ plastLc:and the substrate '-assem^iy'is op^tive.anU J fiiii&^^ in the microscale 
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fluid flow channel. Certain preferred embodiments are fluid tight and operative at fluid pressures in 
excess of 100 psi, preferably in excess of 200 psi, more preferably in excess of 300 psi, most 
preferably at pressures greater than 500 psi. As used here psi preferably refers to psi gauge as 
opposed to psi absolute. Especially preferred embodiments are operative, including being fluid-tight 
5 along the periphery of the microchannels within the substrate, even at fluid pressure in the 
microscale fluid flow channel in excess of 1000 psi. Preferred embodiments employing plastic 
substrate layers in highpressure embodiments provide significant advantages in manufacturing cost 
and flexibility.. Ia certain preferred embodiments, the microfluidic substrate assembly employs a 
multi-layer laminated substrate having rigid plates sandwiching plastic layer between them. The 
10 plastic layers optionally are welded one to another and the rigid plates sandwiching the multiple 
plastic layer between them are formed of metal and are fastened directly to each other. .Asusedhere, 
direct fastening means that a bolt or other fastener has compressive contact with the rigid 
sandwiching plates. Preferably multiple bolts or the like extend from one to the other of the rigid 
sandwiching-plates 

15 : channels can be micromachined, laser cut or otherwise milled or formed in the inside surface of one 
■ • or both metal (or other rigid material) clamping plates.that may be, e.g., 3/16 of an inch to 3 inches 
.: thick. When the substrateis assembled, a layer of PEEK or other plastic, e.g., .003 - .005 inchthick 
layer of PEEK clamped between the plates,in cooperation with the clamping plates grooves, defines 
; fluid-tight microchannels of the resulting multi-layer laminated substrate. Through holes in the 
20 PEEK layer can serve as vertical vias in the substrate to provide fluid communication from 
microchannels in the inside surface of the top clamping plate to those in the lower clamping plate. 
Fig. 10 shows an exemplary such embodiment. Bottom clamping plate 1 10 has microgrooves 1 14 
. . machined into its.inside surface 116. Top clamping plate 112 has similar grooves 118. PEEKlayer 
120 has microgrooves 122 and through-holes 124. Other configuration will be readily apparent to 
25 those skilled in the art given the benefit of this disclosure. 

ia. accordance with: another aspect, fluid handling devices are provided comprising, a mialti- 
layer l aminat ed substrate defining at least one fluid inlet port, , at least, one microscale. fluid flow 
..--j, channel rathk them^ f or transport of 

fluid to be tested, and at least one electronic memoryunit mounted to the. substrate assembly and 
30 . ^qperatively connected/to the anoj^CT Component of the microfluidic . substrate assembly... As used 
5 \ *i:i^m^o^Tmit:rcf^ store,;reac^ vrate, and/or, read and write 

oX«6^uform^on areiiot ^ic^m^q^cU^s^g^ read, only ' 

r 8 
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memory (ROMs), programmable read only memory (ROMs) erasable programmable read-only 
memory (EPROMs), electrically erasable programmable read-only memory (EEPROMs), DlMMs^ 
SIMMs, and other memory units and memory chips well known to those skilled in the- art and 
commercially available from numerous manufacturers such as Siemens, Toshiba, Texas Instruments 
5 and Micron. Other suitable devices for the memory unit and techniques for the use of encryption in 
the acquisition, storage and transmittal of data by or to the memory unit may be found in the 
commonly assigned United States Patent Applications incorporated herein by reference. In 
accordance with certain preferred embodiments at least one operative component mounted aboard 
the multi-layer laminated substrate, as disclosed above, is in communication with the microscale 
10 fluid flow channel and is operative to generate an electronic signal corresponding to a detected or 
measured fluid or characteristic of fluid in the microscale fluid flow channel, and thememoryunitis 
connected to the operative component to receive and record the electronic signal. In preferred 
embodiments the fluid-handling device further comprises electronic communication devices, e.g. 
"loads^wires orcircim 

signals to the memory component or downloading information stored on it will be readily apparent to 
those skilled in the art given the benefit of this disclosure, and include, for example, PCMCIA-type 
electronic communication ports, microprocessors, USB ports, serial ports, firewire ports, optical 
ports and the like. As stated above, preferred embodiments of the fluid handling devices disclosed 
here are operative to perform, or are adapted to function in a larger system which performs, any of 
various different liquid separation test or analysis methods.' Liquid separation method parameters 
can be stored in a memory unit of the device or in a memory unit of the larger system and, in 
accordance with preferred embodiments," such information stored in the memory unit defines a liquid 
separation method such as, for example, liquid chromatography (LQ, capillary electrophoresis (CE) 
or other liquid-phase separation techniques, e.g., micellular electrokinetic chfo^tography (MEKC 
or MECC), isoelectric focusing and isotachophoresis (TIP). : For convenience, and not "intending to 
limit the- scope of the fluid handling device ' technology disclosed here.,' much ' of the following 

• detailed description of certain preferred embodiments below ^^"emph^s preferred embodiments 
that are operative to perform liquid chromatography. : ' : - ■' ■■' ' :: - ' - v: V - ; - v : * ; 

In accordance with another aspect, components of the flui d-h m filing substrates, including, 

• but not limited to, substrate layers and the interfaces' of the substrate, such as inlet and outlet ports 
' : iiid comporient-^^^ PEEKisa-high 

temperate PE^ ; h^ : si^OTof ' chCTucal i^is^ce -allo^^'for its use in 
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harsh chemical environments, and it retains, its flexural and tensile properties at very high 
temperatures. Additionally, glass, carbon fibers, carbon black, carbon particles, gold, titanium 
dioxide, etc., may be added to PEEK to enhance its mechanical and. thermal properties. One 
advantage of using PEEK in the assembly of a fluid-handling substrate is that a selective IR welding 
5 process may be visually monitored, as PEEK in its amorphous form can be a sufficiently clear and 
optionally colorless material. Therefore, fluid-tight seals .within the multi-layer substrate, such as 
those created using selective IR welding discussed elsewhere herein or other suitable methods, for 
example, may be inspected prior to further assembly of the fluid-handling substrate. In accordance 
with certain preferred embodiments, crystalline PEEK is employed as a layer of the laminated 
10 substrate or a coating on another layer. Advantageously, crystalline PEEK provides good chemical 
resistance. In accordance with certain preferred embodiments, PEEK loaded with suitable IR 
absorber material, such as dyes for example, is coated onto the interface of two or more components, 
for. example, the interface of the component-on-board and the substrate, to provide an additional 
measirre-for ;se!ect^ 

5 In accordance with other aspects, substrate assemblies are provided having selectively welded 

joint or interfacial areas between adjacent substrate laycgs, and having sealed channels incorporating 
environmentally sensitive elements, such as components embedded or housed within the channels or 
architectural micro-features. Exemplary embodiments include substrate assemblies incorporating 
architectural micro-structures or housing fluid analysis, testing or flow-control components which 

1 ? re not tolerant of the temperatures at which the adjacent substrate layers or components used to 
assemble the substrate would thermally weld together to from the fluid-tight microchannels. The 
elements are "not tolerant" in this context, in that the function or structure.of the environmentally 
sensitive structure or element in question would be destroyed, impaired or undesirably altered by a 
thermal welding process in which substrate components are heated in bulk to the welding 
. .temperature. In certain embodiments, the environmentally sensitive element may not be. disposed 

; . lY?^;tb e substrate but may be contained, or housedwithin, ttie external comppnent-on-bpard, for 

••••• - -example. It shouldhe used here includes not 

only elongateyoids or cavities within the body of the substrate assembly intended to .carry a flow of 
fluid, but, also chambers and other such,cqn£guratiom mthin the substrate.,, w . , V; 

». i " • r^h a ? cor 4?S?5 ^Mtiraal-^ectsj me&ods,are provided for sealing together substrate 
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intense radiation, or pressures typically employed when thermally welding plastic assemblies. In 
accordance with certain preferred embodiments, a method is provided for producing the fluid- 
handling substrates disclosed immediately above, comprising substrate assemblies with internal 
fluid-tight sealed channels having environmentally. sensitive elements. Such method comprises 
5 assembling together substrate components with an environmentally sensitive element incorporated in 
an internal channel, e.g., embedded or formed therein. The substrate components are then selectively 
welded to gether, preferably using IR radiation, to establish a fluid-tight seal along the periphery of 
the internal channel. Selective IR welding offers protection to the environmentally sensitive 
components because the substrate components are not heated in bulk to the welding temperature, 
' 10 thus the environmentally sensitive element incorporated therein is not heated to such temperature, in 
preferred embodiments, the bulk material of the substrate components adjacent to the location of the 
selective IR welding can act as a heat sink, thereby providing thermal protection to an 
environmentally sensitive element near the site of the selective welding. Thus, the method in 
acccrdanc c with this aspect enables tlic~ 5 c sling of Cllhuq els psuchas micrcFchsnnels m fluid-handling 
15 substrates, withoui destroying the environmentally sensitive elements contained in the channels. The 
fluid-tight channels, in which environmentally sensitive elements can be incorporated without 
thermal damage, are especially advantageous in enabling fluid-handling substrates to be produced for 
use in a wide variety of applications including, for example, liquid chromatography and other fluid 
analysis, chemical and biochemical testing, detection and sensing and detection processes (in some 
20 cases referred to collectively below as fluid testing or as-fluid analysis). It is also'an advantage of at 
least certain embodiments, that fluid-tight sealing of the channels is accomplished without use of 
solvent or adhesive joining, thereby avoiding the problematic aspects of those methods discussed 
: above. ■■<."■/■■ * • ■'-■v.: 1 >■>. • 

: In accordance with additional aspects, substrate assemblies are provided having selectively 
25 welded joint or interfacial areas between the substrate and an external component mounted to the 
substrate with a fluid-tight seal at a port in a surface of the substrate. • Such external component 
•• : (referred to in some " instances here as '- a compoherrt can 
- advantageously provide any of numerous f^ For 
' • ■ example, the compohent-on-board can act as a fluid reservoir, a detector, an analyzer, a separation 
30 5 conduit cartridge, or serve other roles. * The coniponent-bri-board maybe permanently-arched to the 
"\ o: •'fluid-handling substratelor may be a r^bvable'compo^ referred toil some 

> & - instances'beld w : as ■ a swappable component-bn-boan^ swappabTe component-oh-board provides 
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for increased functionality of the fluid-handling substrate. For- example, a first swappable 
component-on-board might be an apparatus for introducing a fluid into the fluid-handling substrate. 
After introduction of the fluid, the first swappable component-on-board might be replaced with a 
second swappable. component-on-board, e.g. a . detector, for, analyzing the introduced fluid. The 
ability of a fluid-handling substrate to interface w-ife multiple different types of external components 
expands the potential applications where a fluid-handling substrate may be employed. 

In accordance with .another aspect, afluid-tight seal between the component-on-board and the 
substrate is formed by assembling the external component to the substrate (e.g., to a substrate 
component which can subsequently be joined with other substrate components), followed by 
selective welding to form the fluid-tight steal between them. Optionally one or more gaskets are used 
to provide an additional device for facilitating a fluid tight seal. An assembled fluid-handling 
substrate is provided that contains a port in communication with the surface of the substrate. The 
- component-on-board communicates with the fluid-handling substrate and any internal channels and 
envircmnsntally--ssasitivs-components -v/i&in-the substrate,-through the-port.-4nhe.Gomponent=on- 
15 board is fixed to the substrate using any of numerous methods for attaching the components-on- 
■-. board to the substrate, e.g. preferably selective IR welding is. used. Selective IR welding at the 
interface of the port and the component-on-board can provide permanent attachment of the 
component-on-board to the substrate and create a fluid-tight seal at the port/component interface. 
Additionally, the selective IR welding of the component and the port prevents damage to any 
!0 environmentally sensitive components contained withm me fluid-handhng substate and prevents 
damage to sensitive components contained within the component-on-board. 

In accordance with another aspect, a fluid-tight seal between a swappable (i.e., non- 
pennanentlymounted or removeable without damaging or destroying the rest of the substrate and/or 
the component-on-board itself ) component-on-board and the substrate is foimedby assembling the 
• . external component to the. substrate .(ftg:, to a removable substrate component which can 
subsequently be joined with other substrate components), through one or more connectors on the port 
■> of the substrate and one,ormore connectors on the swappable componenton-board. An assembled 
.fluid-handhng substrate: is.provided.jEbat ; contains.a port in . communication with a surface of the 
: substrate, : e.g. any nmjor,or,.nimor surface of me comprises one or more 

' connectors. for attachment tothe swappable,cpn^onent ? on-bpard, f e ; g r the 
*"* substrate Jhat is operative toaceept. ^com^n^^n-bq^Uy^^j^e ajmector.:.The swappable 
J( vi^.onei3tr<m^p^pm5^gates ^^m^jim^tS^im^^ any-internal channels and 
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environmentally sensitive components within the substrate, through the port. As discussed above, 
the swappable component-on-board may contain one or more connectors for interfacing to the fluid- 
handling substrate through the port. The connectors of the port and swappable component-on-board 
maybe any connector known to those skilled in the art, such as a female connector on the port and a 
male connector on the swappable component-on-board, or vice versa. Upon connecting the 
swappable component-on-board to the port, a fluid-tight seal is created Therefore, fluid 
communication can occur between the swappable component-on-board-and any internal channels of 
the fluid-handling substrate without leakage of the fluid. This aspect is especially advantageous, 
since the amount of liquid introduced or contained within the fluid handling substrate might be very 
minimal, for example 15 microliters or less, and inadvertent loss of any fluid may result in reduced * 
ability to detect species contained in the fluid. 

In yet other aspects, the fluid handling devices disclosed above comprising a multi-layer 
laminated substrate are employed in combination with features and aspects of one ormore others of 

exemplary of such other features and aspects, any or all of the following may be advantageously 
integrated into the fluid handling device. Electrical interconnections can be provided between 
• components of the device and to an I/O port for data communication with an outside device. Surface 
interconnects, e.g., silk screened leads, soldering, conductive epoxies, wire bonding and tape assisted 
bonding, or 3D interconnects passing through the substrate can be used. Programmable controllers 
can be integrated into the fluid handling device to control heaters, pumps, sensors, memory chips, 
etc. Optical interconnections can be provided between components of the device and to an I/O port 
for data communication with an outside device. Optical interconnections can.be provided via 
waveguides, fiber optics, free space IR transmissions, etc. Surface interconnects or interconnects 
passing through the substrate can be used. It will be within the ability of those skilled in the art to 
incorporate these and other components and functions into the fluid handling devices disclosed here, 
given the benefit of this, disclosure.-' • » - - ..^ r^.. >: 



Brief Description of the Figures 3 -" -i 

Certain preferred embodiments will be described below with reference to the attached figures in 
which: : " ' ^j - f 

' i'Figsi la-lcshowseveral configurations of aflmd-hCTdlifigdgvice or ^ substrate^ A first plastic 
piece 1 0 and a second pl^tic piece'-l 1 hiave been welded togetiherby selecfivelR-inadiation of either 
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the plastic pieces or by irradiation of an optional EM absorbing substance ,12. The substrate 5 
contains a channel 13 formed by welding of the two plastic pieces together. Optionally contained 

. within the channel 13 is an environmentally sensitive element 14. The substrate 5 may also contain 
other channels formed from welding the plastic pieces together. For example, a second channel 1 5 is 
5 in close and continuous contact with an embedded microdevice 16. A port 17 provides 
communication from the channel to the top or bottomplanar surface of the substrate. Additionally, 
an external device may be connected to the fluid-handling substrate through the port. An optional 
gasket 18 maybeused to enhan^ An optional EM absorbing 

layer 19 may be placed anywhere along the surface of the substrate. In Fig. lb, the multi-layer 

laminated substrate comprises three layers, preferably with a middle polymer layer. The outer layers 

may comprise fingers orprojections into the middle layer to prevent any polymer creep, as shown in 

Fig. lc. . ' 

Fig. 2 shows several possible coirfigurationsfo^ 

22, rhomboid 23, and serpentine 24. - 

Figs, 3a and 3b show one possible configuration for assembly of fee fluid-bndling substrate. 
.The resulting channels and any internal components have been omitted for clarity. The welding of 
the plastic pieces is done first by aligning the planar surfaces of the plastic pieces 10 and 1 1 .using a 
mechanical device, such as an alignment stage, as shown in Fig. 3a., In this embodiment, plastic 
piece 10. is capable of absorbing the incident .radiation, whereas plastic piece 11 is energy 
transmissive. An EM beam 3 1 is applied through the surface of the transmissive plastic piece, as 
.shown in Fig. 3b, Heating of the EM opaque plastic piece results.in welding of the two plastic pieces 
together. ■ , !t . v . . _„ r ..... 

Kgs. 4a-4c show, another possible configuration for assembly of a fluid-handling substrate, 
iu .this embodiment both plastic pieces- 10 and . 1 1 v arp EM transmissive. .A coating of an EM 
absorbing substance 12 is first applied to the planar surface of one of the plastic pieces, as shown in 
Fig. 4a. The plastic pieces are then aligned using. a mechanical device, as shown inFig. 4b. An EM 
beam 3 1 is applied to the surface of one of the transmissive plastic pieces so that radiation is incident 

.on ^e,coating,as shown inEig.. 4c., Heating.of &e EM coating results in welding,of the.two plastic 

pieces together. 

u , Figs.'5a^c : s^^^ 

^^e : prqtecti^;^ 
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The stacked plastic pieces 1 0 and 1 1 can be masked with an EM absorbing substance 19, as shown in 
Fig. 5 a. The pieces may optionally be aligned, as shown in Fig 5b . Only the unmasked portions are 
exposed to the EM beam 3 1 (see Fig. 5c) and, therefore, only those locations are heated to seal the 
plastic pieces. In this configuration, it is desirable to use a gasket to enhance the effectiveness of 
5 . the fluid-tight seal. 

Fig. 6 shows a fluid-handling substrate with a fixed external component. The external 
component 50 is mounted to the substrate through a port 17. The external component may comprise 
any external device including a detector, a computer, or other electrical or mechanical devices. The 
external component 50 is in liquid communication with an internal channel 13. 
10 Figs. 7a and 7b show apossible configuration for assembly of a fluid-handling substrate with 

a fixed component-on-board. in Fig. 7a, the component-on-board 50 is mounted to the assembled 
fluid-handling substrate 40. Selective IR v/elding using an EM beam 3 1 is then used to weld the 
component and the fluid-handling substrate together, as shown in Fig. 7b. > >■ . 

1. 1 1 ,.. i Fig. 8 shows~*a-=possib!e - co r? fi g?irg.fi av. -~fc)v=-p. ~-f\ n f d-»h £t? fp g**^ a-—- ~H y.?iHg sw^pp — b ? e 

1 5 component-on-board. The removable external component 60 comprises one or more connectors 65 
for. attachment to a fluid.-handling substrate 40. The fluid-handling substrate 40 also has one or.more 
connectors 66 for attaching to the component 60. Upon attachment of the component connector 65 
to the fluid-handling substrate connector 66, a fluid tight seal is created The swappable component- 
on-board may be in liquid communication with an internal cavity and any environmentally sensitive 
20 .. components contained. therein. 

■ Fig. 9 is an exploded, view of a preferred embodiment, wherein an on-board operative 
component is mounted to a multi-layer laminated substrate via adhesive and gasket. 

; Fig.. 10 is an exploded view of another preferred embodiment of the fluid handling substrates 
disclosed here. ~ . . ..<z, ■ - • - •••? 

25 .. . - Figs. 11A and. 1 IB together form a schematic diagram ofamicrofluidic substrate assembly 
Le., a fluid analyzing device mcorporating a micrpfluidic substrate assembly 130. (labeled as an 
-"analytical cartridge"), ^-accordance with;the invention,- comprising a .multi-layer.: laminated 

. : ,. t , substrate.^ : v -. . . tt.cijf u"l -"■ ■ 1 ■ ~>. .t. - .«.:■ : * -w.-. 

. : - - - Fig. 12 is a.perspective view of a multi-layer, laminated substrate. in accordance with a 
30 ; , : pref^edembot^^ 

f .ffi£fr?™°P^^ seating. the on r board component.:? - 
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Fig. 13 is first embodiment of an analytical system in communication with a multi-layer 
laminated conduit cartridge, in accordance with preferred embodiments. 

Fig. 14 is a multi-layer 'laminated manifold in fluid communication with a multi-layer 
lammatedcondmt cartridge/^ 

Fig. 15 is a multi-layer laminated manifold in fluid communication with a multi-layer 
laminated conduit cartridge and with a device for generating fluid flow, in accordance with prefeired 
embodiments; ^ ' 

Fig. leisasecondembodimentofanan^ 
laminated conduit cartridge. . -. - r . 

It will be recognized by those skilled' in the art that the multi-layer laminated substrates 
shownin the figures are not necessarily to scale. The dimensions of the substrates may have been 
e ^d relative to :the dimtadans of an analytical instrument or a componeht-on-board, for 

15 purposes is not intendedfe hmitthe disclosure m 

• the benefit of this disclosure will be able to select and design substrates having dimensions and 
geometries suitable for a desired use and suitable for use in any orientation. 

Detailed Description of Certain Preferred Embodiments 

20 Numerous embodiments of the present invention arepossible and will be apparent to those 

--skilled in the art given the benefit of this disclosure;^ herein, for 

convenience, will focus on certain illustrative and exemplary -embodiments. The multi-layer 
laminated substrates disclosed here, in embodiments operative to function in a liquid separation 
memodssuchashquidchromatography^Qormelik^wmperfoim^r 
.5 ■=•.. ^ oa fl^tahdhngdevicewhichperfoim S ^ 

- to filtermg; concentratm^^ ^ 
•^••./rsubstratd- may^e packed -'with smiable^m^y^cmnaicgra^s^k^f eig^HPLC 
separation. Removeably or permanently mounted components-on-board may carry and deliver 
- solveat, buffef r reagent;:etc,^ilterm^ 
' substrate ass^^ 
carMdge-li£e,plu^^^ 

performs many of these operations. Jn mother embodiments, me naicroflmdic -substrate itself can be 
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used in any of numerous devices. For example,.in embodiments that are 3 Vi inches by 9 Mrinches, 
. the cartridge maybe suitable for use as a pumping manifold, e.g. pump heads, degasser, flow meters, 
as injector manifolds, e.g, injector valves, pressure sensors, detector flow cells, and as pre- 
■ concentrationmanifold, e.g. flow-switching valves and pre-concentrators. In embodiments that are 3 
5 . l A inches by 4 3 A inches, the substrate assemblies maybe useful as a screening manifold, e.g. reagent 
... and sample flow switching valves, mixers, reactors and the like. In embodiments that are about the 
size of a PCMCIA card, the substrate assembles maybe useful as capillary electrophoresis cartridge, 
e.g. CE columns, as conductivity cells, as sensors, as valves, as pre-concentration cartridges, e.g. 
valves, pre-concentration units, sensors, etc., as dynamic field gradient focusing (DFGF) cartridge, 
10 e.g. DFGF units, valves, sensors, and the like. In embodiments that are 3/8 inches b 1 inch, the 
substrate assemblies maybe useful as sensors chips, e.g. pH, p02, pC02, dissolved p02, dissolved 
pCC^ salinity, conductivity, nitrate and phosphate sensors, as mixer chips, e.g. active ultrasonic 
mixers, and may perfonn any unit operations required by a separation, system or other analytical 

, „ J -^^ ^A^J'^ ~ H-'_-»-U. ek _. X 0 --c - l^^^^lcr.^. C iaa1.^*^^l,,„o f ,n, W p 1 ,«,OT?>OV'> 

U^YXUU n.UUl tJ. UJLLCU-L JT , UIU b UUO U aL^ ' aOOWJLUUUOJ J-LLCljr LJ\U OUUJLUOOO OLOOl iUl lUL^ia. ^iivuiui^j J-l_Lt*jr juiu.ro 

15 rigid side walls or integral ridges to prevent polymer creep, may fit into a bed of a robotic handler, 
e.g. a robotic fluid handler, may be plug and play, and may ; have numerous fluid and electrical 
connectors as discussed here. • . v. ; y 

It will also be understood by those skilled .in. the art that innumerable . components-on-board 
may be chosen to provide additional functionality to the substrate assemblies disclosed here. For 
20 . example, the component-on-board maybe operative to induce flow in a microchannel of the multi- 
layer laminated substrate endosmotically or by electrochemical evolution of gases. The components- 
on-board may be operative as microfluidic devices, such as a fitting (e g. tees, unions, bulkhead 
unions, expanders, reducers, etc.), a mixer (e.g. static, active, ultrasonic, etc.), a reactor (e.g. plug 
flow, stirred tank, packed bed, coated wall, etc.), an injector (e. g. a valve typically with a sample 
25 ...loop), a.valve (e.g. rotary, sliding, spool, globe,; gate, ball, diaphragm, etc.), a pump (e.g. diaphragm, 
. . piston, bellows, etc.), a compressor (e.g.. centrifugal; bellows, piston, etc.), .an ultrasonic bed (e.g. 
suspended particles, other combinations, etc.), an. extractor (e.g. liquid-liquid, . gas-liquid,, gas-gas, 
^ . . spHd-hquid,,.etc.), a pre-concentrator, a DynamaKeld 0radimt Focusing (DFGF) device, may 
include one.or more dialysis chambers, absorption chambers (e.g. a.two chamber vessel with cells on 
30 separating support to monitor mass transfer), ametabolites _ch amber (e.g^for/mpnitomg-molecular 
. , changes), .a.tprici^ j chamber (e.g^fqrmom^^ 

. metabolism), -and. the like. , The. components-on-board maybe, operative ^ a- detectqr,lsuch as a 
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considered as a component-on-board of another microfluidic substrate, e.g. a multi-layer laminated 
^tecondmtcartridgefor^ 

an analytical system. The microfluidic substrate assembly may be retained securely engaged in a 
■ recexvmg socket or the like in such larger fluid separation analysis device in various ways including 
5 by way of example, a clamp or pressure plate mounted on the larger device, mamtaining good 
surface-to-surface fluid-tight sealing between the confronting device surfaces, or by appropriate 
dimensiomng the device relative to the receiving socket to frictionally retain the devices therein 
Given the benefit of this disclosure, it will be within the ability of those skilled in the art to select 
operations, e.g., separanWefcods, sensor ^ 
10 substrate assembHes disclosed here, and to determme wMch operations, e.g.^ltering, are to be 
performedbyotherdevices. Cartridge-like embodiments intendedfor temporaryuse preferably are 
adapted to be inserted into a correspondmgly configured socket or the like in a fluid analysis device 
Fluid-tightfluid supply connections and any necessary electrical and electronic connections can be 

15 * e ^trate. Itwnlbem^ 

the level of integration is provided by the technology disclosed here. Any fluid handling or 
processing steps not performed by the microfluidic substrate assembly is instead performed in 
accordancewimwefltoowntecMologybyequipmentassodated^ 

detailed discussion of certain preferred embodiments assumes, generally, mat the microfluidic 
20 substrateassembHes are employed together with (i.e., connected to) suitable associated devices to 
perfomaziyoperationsnotperfo^ 

embodiments the microfluidic substrate assembly is receivedinto a supporting socket in such devi- 
to establishfluid, electrical,. electronic, optical and/bromer connection ^ 
• T >- application. TTie following discussion is also directed embodiments where me ntiooflmmV^^ 
25 .assemblies are use, either alone or in combination with other components, systems or instrument, to 
' ' ;Perf0m k<imd Chr0liiat0 ^ methods: One skilledin the art given the benefit of this disclosure 
- mil be able.to use me Microfluidic substrate assemblies disclosed here for these and other uses 

•maycomprisenumerousdifferent^esan^ 

'* " ffichesb yl^h,4mchesby6mch^^^ 
- • 'aPC^GIAcard.andacreditcardiniMdi^ 
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view of this disclosure. For example, Fig. 9 shows an exploded view of a top plate 1 02 of a multi- 
layer laminated substrate 101 in accordance with the disclosure here. An on-board component 106 is 
shown prepared for mounting to the layer or plate 1 02 using an adhesive 1 06 and gasket 1 04 having 
boss 107. The adhesive will bond to the gasket and to the top plate and component, in part through 
adhesive interface voids 1 05. Tort 103 in the top plate will provide fluid communication between a 
correspondingly positioned port in the component (not shown) and a microchannel (not shown) in 
the substrate. The gasket boss 1 07 forms a seal around the port and insulates the adhesive from any 
adverse contact with the sample fluid In certain preferred embodiments, thermoplastic materials are 
used as thermo-processed bonding interface materials. The thermoplastic PEEK has good adhesion 
properties to many of the materials found in commercially available operative components and 
provides good chemical and solvent inertness. The melt processing of a PEEK, or other 
thermoplastic bonding layer, preferably is controlled and localized to the fluidic junctions being 
formed. Light-activated adhesives can also be used such that the adhesive joins one or more layers 



afte 



locally, e.g. to an area to be adhered, or can be applied to the entire surface of one or more layers. 
The bonding layer may also be required tomaintain the geometry of the fluidic junction. Flow of the 
polymer during the melting stage is controlled to prevent closure of the junction. Thermal resistance 
welding can be used, for example, in conjunction with PEEK welded joints and can also be used to 
form the fluidic junctions between the substrates and on-board components. Suitable resistive 
elements for such thermal resistive welding can be defined accurately using thin or thick film 
technologies, and' are capable of raising localized temperature to above the melting point of PEEK. 
Heat dissipation is also localized. These resistive elements are planar and can be readily coated with 
films of PEEK or other suitable thermoplastic. The material of the resistive element is chosen to 
provide good adhesion to the thermoplastic. Electrical activation of the resistive heater elements is 
readily performed in accordance with known techniques during typical mass production operations, 
and discussed further below in connection with Fig. 12. " Electrical structures at the fluidic port 
preferably surround the port, arid a layer of thermoplastic sufficient to establish the necessary seal is 
disposed onto the resistive heater in a pattern clear of the opening.. The on-board component to be 
•mounted to the substrate is accurately positioned; using mechanical devices such as an. alignment 
stage, for example. The heater element is then activated to melt the thermoplastic. The component 
is pressed onto the substrate surfaceto'establisli intimate contact with the rtieltedthermoplastic. The 
-power to : the heater element is -then removed' and the 'small quantity :of heat; generated'xluring the 
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UV/Visible absorbance flow cell, a fluorescence flow cell, a conductivity flow cell, an 
electrochemical detector (e.g. amperometric, cyclic voltammetry, etc.), a plasma detector, a mass 
spectrometry detector (e.g. electrosprayMS source, quadrapole MS, particle beam MS source, glow- 
' discharge MS source, chemical ionization MS source, plasma MS source, micro-Ion trap, 
5 electrospray plus rniero-Ion trap, or time-of flight MS detector), and the like. The components-on- 
board may be operative as a sensor, such as aflow meter, a pressure transducer, a temperature sensor 
(e.g. thermocouple, resistance temperature detector (RTD)), a chemical sensor (e.g. pH, DOi, DC0 2 , 
salinity, conductivity, nitrate, phosphate, etc.) a capillary electrophoresis sensor, an acoustic sensor, a 
color sensor, an optical sensor, a bar code sensor, a photothermal sensor, a photoacoustic sensor, 
.10 KFID tags, other Smart tags, and the lite. The components-on-board maybe operative to perform 
the function of numerous chemical devices and apparatus, such as reagent vessels, solvent degassers, 
separation columns (eig. LC, CE, MEKG, etc.), iso-electric focusing columns (with or without 
ampholytes), size-exclusion columns, ion-exchange columns, affinity col umn s, solid-phase 
— ^— extraction-beds 

15 bed, sieves (e.g. molecular sieves), frits, depth filters (e.g. a channel stepped at increasing or 
decreasing depths), a self-cleaning (e.g. back-flushed) filter, and the like. The components-on-board 
may be operative to perform innumerable other chemical and physical operations such as distillation, 
. flash vaporization, to provide an orifice for a pressure drop, as cocurrent extraction or reaction beds, 
.as countercurrent extraction or reaction. beds, as heaters, heat exchangers, coolers, momentum 
20 separators, as magnetic field generators, as electric field generators, and the like. One skilled in trie 
art given the benefit of this disclosure, will be able to select these and other components-on-board for 
assembly to the substrate assemblies disclosed here. ■ 

In accordance with certain preferred embodiments, as disclosed above, a microscale fluid 
: flow channel is in fluid communication with at least one operative component mounted aboard the 
; multi-layer la mina ted substrate. ...The on-board component can seat and seal-to any surface of the 
.substrate. In embodiments comprising plastic substrate layers sandwichedbetween steel, aluminum 
or other rigid plates,.which are especially ^efl,suited for Mgh.press^e appUcations not previously 
thought appropriate for miniaturized fluid manifolds employing plastic components to define flow 
tv r -channels, the' on-board componentxan seat .and seal to an outside surface of one of the metalplates. 
> Also, such componentsxan sealtoinner layers, of the substrate through an outer sandwiching plate. 
•Mountmg.an&sealmgxan be.accomp 
/and any combinatdonrofthese.-and other mountmgmaterials.and techniques.that .^ill be.apparent in 
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i mounting operation is dissipated into the component and the substrate and the thermoplastic 
interface solidifies to form the bond. Fig. 12 shows the outer surface 140 of a multi-layer laminated 
substrate 142 in accordance with the present invention. Surface electrical leads 143, 144 are seen to 
extend from heater electrical contacts 145, 146 to electrical resistive layers 147, 148 provided at 
5 fluidic ports 149, 150, respectively, on outer surface 140 of the substrate 142. 

Thus, in a typical assembly operation, first and second components to be mounted to the 
multi-layer laminated substrate 142 are positioned at fluidic ports 1 49 and 1 50, respectively. Upon 
applying electrical energy to the leads 143, 144 through the heater electrical contacts 145, 146, the 
electrical resistive layers 147, 148 are heated sufficiently to locally melt or soften thermoplastic 
10 material surroundingports 149, 150 and thereby to bond and seal the on-board component mounted 
at that location.' One skilled in the art given the benefit of this disclosure will recognize that other 
devices andmethods can be used to assemble the substrates and.to assemble the components-on- 
board to the substrates, such as the methods discussed below. 

15 interface gasket, which preferably comprises conical fluidic connections somewhat s imilar to the 
ferrule type fluidic connections in conventional HPLC and the ferrule connectors described in the 
commonly assigned U.S Patent Application incorporated herein by reference. Such features 
preferably are located on both surfaces of the gasket at the location of the fluidic junction of the on- 
board component and the substrate. During assembly, the component and the gasket are aligned onto 
0 the substrate and the gasket sandwiched under pressure between the component and the substrate. 
This forms a seal around the fluidic junction. Minimizing the area of contact between the gasket and 
■ the substrate or the component reduces the need for excessive localization pressures during 
component mounting. With the clamping pressure still inplace, the position of the component can 
then be fixed by introducing an appropriate adhesive between the component and the substrate. 
) Holes through the gasket would allow the adhesive to contact the component and- substrate surfaces. 
After curing of the adhesive, clamping pressure can be removed. UV assisted curing resins allow 
. shorter assembly processed time. (See discussion of Fig. • 10.) - A variety of techniques can be 
employed to provide electrical connections (for. power and/or signal transmission) between an on- 
• board component^and" the substrate, 'including* sonic* wire bonding, TAB bonding, "solder or 
conductive epoxy bumps, z-access electrical interconnect materials, etc: ' Suitable alternative bonding 
m • : and electrical mterconhect'materials and designs will be 7 apparenf to those skilled in the art given the 
" benefit of this disclosure: The assembly process described above can bptionaflybe automated, and 
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many of the techniques are in use for SMT and flip-chip bonding operations. Suitable automated 
assembly operations will be apparent to those skilled in the art given the benefit of this disclosure. 
In accordance with certain preferred embodiments, an operative component fixedly mounted 
. to the laminated substrate is operative to pass fluid to. or to receive fluid from a microchannel of the 
5 substrate. Such embodiments have application, for example, as highly advantageous imcrofkiidic 
substrate assemblies for LC or other liquid separation devices, wherein the on-board component can 
serve as a reservoir for eluting solvents, buffers, reagents, etc. It will be understood from this 
disclosure, however, that communication between the microscale fluid flow channel and an operative 
component mounted aboard the multi-layer laminated substrate need not necessarily be fluid 
10 communication nor involve the.flow of sample fluid between them or the discharge or injection of 
any liquid or other fluid from one to the other. On-board components in accordance with certain 
embodiments can comprise devices for generating fluid pressure in a microchannel of the substrate, 
such as the high pressure observed in HPLC systems or the like. Suitable devices will depend, in 
-~ par^^n^ths-speciflcKise-intsnded^ 
15 embodiments of so-called wax motors also known as. thermal actuators, heat capacitance motors or 
wax valve actuators. Such operative components generate pressure by the physical expansion of 
paraffin wax or the like as it changes from solid to liquid whenheated within an enclosure such as a 
. cylinder. The expanding wax is converted into mechanical force which causes translation of apiston 
slidably mounted within the cylinder, thus creating hydrostatic pressure. Such devices are known, 
20 although their use in microfluidic substrate assemblies as disclosed, here has not heretofore been 
suggested or recognized. Exemplary such devices include those disclosed in U.S. Patent No. 
5,222,362, U.S. Patent No. 5^63,323,. U.S. .Patent No. 5,505,706, and U.S. PatentNo. 5,738,658, the 
■ ■ entire disclosure of each of these patents being incorporated herein by reference for all purposes. 
The fluid , communication between the. substrate microchannel and such actuators or like 
25 :components-on-board integrated with the multi-layer laminated substrate allows the fluid in the 
, microchannel to he - acted upon directly, and physically. It will , also be recognized from this 
■*i : disclosure, that in certain embodiments the operative..component(s)-on-board integrated with the 
■ . multi-layer laminated substrate may be in- fluid communication so as to directly contact sample fluid 
, or other liquid in the microchannel. Exemplary of such devices are impellant devices, for example, 
30- . any of various micro-pumps, suchas micromachined pumps, diaphragm pumps, syringe.p ump s, and 
, j volume occlusion pumps. OJhersuitable pumps include a piezoelectric-driven si^ micropump 
■ Ah .;jhat:is,.bubble .and ^ particle, toleranti and capable of tpxxmpmg hquidsrat l ml^min flow -rates and 
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commercially available from numerous . sources such as EhG-IFT (Munich, Germany). Other 
pumping devices which can be employed as an operative component-on-board in various 
: embodiments of the rnicrofluidic substrate assemblies disclosed here include endosmotic induced 
.;. flow devices, devices which pump by electrochemical evolution of gases and otherpumping devices 
5 well known to those skilled in the art. 

In accordance with certain preferred embodiments, other operative components suitable for 
mounting aboard the multi-layer laminated substrate will be apparent to those skilled in the art given 
the benefit of this disclosure, and will depend in most cases largely upon the application or use 
intended for the rnicrofluidic substrate assembly. Exemplary of such other operative components are 
.. 10 . sensors for detecting or measuring a property or characteristic of fluid in the microchannel, or of a 
fraction or component of the fluid. Such sensors include, e.g.,spectrographic sensors, such as 
.. sensors which comprise a light emitter passing light through a substantially transparent window or 
section of the microchannel and a light detector arranged opposite the emitter to receive and in some 

^ — -cases-measurs light^Snch s enscrs^d-detecters, -evg.^fiow^e 

15 use in .rnicrofluidic substrate assemblies as disclosed here has not heretofore been suggested or 
recognized. Other sensors may include, for example, silicon, based miniaturized devices for 
electrochemiluminescent detection. The use of sensors as needed in rnicrofluidic substrate 
assemblies' disclosed here will be apparent to those, skilled in the art given the benefit of this 
disclosure. Also exemplary of such other operative components which can be mounted to the 
20 laminated substrate are acoustic transducers and reflectors and the like. Here, again, such devices are 
known, but their use in rnicrofluidic substrate assemblies as disclosed here has not heretofore been 
suggested or recognized. Acoustic components suitable for generating a standing wave ultrasonic 
.. field transverse to the direction of flow in a microchannel are disclosed, for example, in International 
Patent ApplicationnumberPCT/GB99/02384, the entire disclosure of which is incorporated herein 
25 by reference for all purposes. For.example, such devices canbe operative in certain embodiments of 
.. . . the rnicrofluidic substrate assemblies disclosed here, when needed, .to.concentratepaiticles in fluid or 
... .i ... to trap particles ag ains t a flow of suspending fluicL;The.above, mentioned and other components 
which are generally commercially available provide the* building blocks of integrated systems in 
accordance with the present disclosure, for performing simple or complex chemical analyses. Today 
30 - micro-pump technology encompasses devices fabricated from a range ^6f materials including 
:.7j ? . ^polyniers^and usingmethods that are massfabricaHonc^ 
• *: both-hquids*ahd:gasses4(including chemically aggressive' fluids);atflow rates in the order of 1 mlV 
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min or less, are bubble and particle tolerant and can self-prime. These pumps are now one 
component in an impressive array of devices that cover almost the entire spectrum of liquid handling 
requirements. This library of devices include but are not limited to mixers, filters, stream splitters, 
injectors; droplet ejectors, solid phase extractors, liquid/liquid exchangers, micro-reactors, micro- 
5 chambers, micro-valves and de-bubblers. For example, micro-nozzles fabricated in silicon for 
droplet formation and ejection can be used. In addition, there have also been some impressive 
developments resulting, in flow meters capable of nanolitre precision, pressure sensors and 
temperature sensors. Micro-detectors also are available. For LC applications, several devices have 
been described. A few examples include electrochemical detection based on conductimetric, 
10 voltametric, redox, electrochemiluminescent /atomic emission and caloiimetry detection principles. 
Other well known detection methods known to those skilled in the art may also be performed. Id 
addition, miniaturized sensors with active sensing areas of a few microns can also be envisioned as 
detectors for LG applications. 
— -^^o^^^ 



15 the substrate (which can be viewed as and. may be referred to as a manifold) and the various 
operative components typically fall into two main categories: , . 

1. Critical connections requiring zero dead volume and optimized flow characteristics. 



20 



2. Non-critical connections that do not require zero-dead volume interfaces or 
.'■ « .optimized flow-through characteristics. / ■/..•■•«■..■ 



.-. , . These fluidic connections preferably allow the assembly of a variety of components that may 
notbe designed specifically for.the substrate. Ihmanycases components may be provided that have 
25., a flat; surface that can mate with, the.substrate,. and.holes in. this surface that provide the fluidic 
connection. Otherxomponents, may require alteration to allow, compatibihty with the substrate. 
. uf iiv Alterations involving, adding adaptor structures thafconvert the native.format of the device to .the 
>y, , . farmatrequiredby the substrate..- Alternatively, a redesign of the. component may also be possible, 

: ", andmpst cost-effective.;.;:.; fodqr;-. :^sd^' , 'ir"i ; - m;.' ■ t 

;3o; ,. • . In accordancejvith certain preferred embodiments,.it will be understood that the multi-layer 
*s laminated .substrates;^^ 

\ U n devices, in: wMcHayersfare;assembled:mtO; ; a ian^ated. structured -define fluidini^ehanriels and 
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typically additional features. The two or more layers are stacked one on another with surface-to- 
surface bonding at their major (i.e., large) surfaces/ e.g.; by thermal welding, solvent welding, 
thermal resistance welding, focused or unfocused JR welding, adhesives, etc. If adjacent substrate 
layers to be joined have dissimilar thermal conductions (e.g., silicon and PEEK), then thermal 
bonding of these layers may be suitably accomplished by methods not requiring the heating of the 
entire mass. Heat can be introduced to the interface by applying it to the high thermal conduction 
material. The stacked layers preferab ly are substantially co-planar, optionally being curvo-planar or 
having other configuration, with one or more microchannels of the laminated substrate being formed 
at the surface-to-surface interface of adj acent layers, such that the bonding of the layers to each other 
forms the closed cross-section of themicrochannel, i.e., forms a fluid-tight seal along at least a major 
portion of the longitudinal run of the channel. 

In accordance with certain preferred embodiments, the fluid handling devices disclosed here 
may be conveniently constructed by forming the flow passages in the surface of a suitable substrate 
layer, such as a layer of flexible of rigid plastic or other material, and then laminating the adjacent 
iayeTtothe^o^ 

of at least certain embodiments or certain portions of the microfluidic substrate assemblies disclosed 
here, having elements with minuto dimensions, ranging from tens of microns to nanometers. A 
portion of one or more substrate microchannels maybe formed in one ormore of the substrate layers, 
such that the complete channel is only formed when the layers" are joined together. The pieces are 
joined together in a fluid-tight manner to seal the channel, e.g., to form a closed (i.e., fluid-tight) 
■ periphery for the channel, such as for the transport of fluids. Closing or welding the pieces together 
to form and seal the channels can be accomplished in a number of known ways^ One such method 
involves assembling, i.e., positioning the pieces together and hearing the assembly to the melting 
point, or at least the softening point, of one or both of the pieces (or all of the pieces where more than 
two pieces' are assembled together). Adhesive methods' also are known for assembling the 
miniaturized fluid-handling substrates. Other methods will be readily apparent to those skilled in the 
art given the benefit of this disclosure/ 

In accordance with 'certain preferred embodiments, microfluidic substrate ^semblies 
disclosed here, having a multi-layer laminated substrate, can be designed and fabricated in large 
quantities using known rmcromkchining methods. Such methods include film deposition processes, 
such as spin coating and chemical vapor"' deposition," laser 'm^ 

techniques, e.g. UV or X-ray processes, etchmgm^ which may 
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be perfonned by either, wet.chemical processes or plasma processes, LIGA processing and plastic 
molding. See, for example, Manz et aL, Trends in Analytical Chemistry 10:144-149 (1991), the 
disclosure of which is incorporated herein by reference. More generally, the design and construction 
of microfluidic substrate assemblies disclosed here can commence with computer aided design of the 
.5 device. Optionally, rapid prototyping of the device can be perfonned, e.g.,.usmg laser machining and 
micro-milling to quickly produce small quantities. Production quantities are advantageously 
produced using LIGA and electrofoiming techniques to produce a master, such as a nickel metal 
master or a suitable die for receiving materials. . The master can be used in the production of 
relatively large numbers of units through injection molding and embossing techniques. Finished 
10 devices typically will require additional production steps, such ^ coating, packing and filling steps 
in accordance with known manufacturing techniques. 

In accordance with certain preferred embodiments selective welding is accomplished by IR 
. radiation. The substrate formed in this way has one or more internal fluid channels, and may be 
— .^egsentiafo^ as sembly ma y be welded or 

.15 otherwise joined to other pieces or components, such as to form a cartridge to be inserted into a 
corresponding socket or port to fonn fluid-tight seals with fluid hnes communicating with a process 
line carrying fluid to be analyzed or detected or the like. The selective welding of substrate pieces 
together, e.g., two or more planar plastic pieces to be stacked together and selectively welded to fonn 
seals establishing fluid-tight channels within the resulting body, utilizes IR radiation, laser or the 
10 , like, on the areas of the plastic pieces to be joined. . This process.is usually done by positioning two 
substrate pieces in direct and continuous contact with one another and subsequently exposing the 
pieces to radiation; 

Taking a preferred embodiment of plastic substrate layers, to illustrate this aspect, one of the 
plastic or other material pieces may be transparent to the radiation while the. other is opaque to 
5 , radiation. Alternatively a radiation absorbing material can be dispersed within one of the plastic 
pieces, either selectively in the area to be welded or throughout the body of the material forming the 
- . . . P^? e * A^texna^vely; a radiation absorbing material can be coated on.the surface of one or both of the " 

^pieces, either selectively in tihe^ea to be wejded or all over, ..Where selective absorption is not 
• ^ ab -^hed,.the use pf fo^.ed t pr t ^ked Ration or.the like, can be used to accomplish the 
' ?- lec u^ ^ elc %&. f It should ^.e f recogm?ed that. selective welding ; of an interface between two 
. -Sltysffi and weldmg.of the 

entire interface. The disadvantages discussed above of thermal welding are still avoided, since it is 
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not necessary to heat the substrate assembly in its entirety to the melting or welding temperature. It 
, is the joint region or interface of the two plastic pieces that is exposed to radiation, forming the 
selective weld. Again using plastic substrate pieces to illustrate this aspect, the radiation from a laser 
. beam or other radiation source canpass through 

5 piece. Melting of the opaque plastic piece results as the incident radiation is absorbed by the opaque 
plastic piece. Removal of the radiation results in cooling and formation of a weld between the two 
plastic pieces. . * 

; .In published PCT .application No, WO 00/20157, the entire disclosure of which is 
incorporated herein by reference for all purposes, a method of forming a. weld between two 
.10 .. workpieces is taught, one of the pieces being opaque and.the other being transparent to radiation. It 
also teaches a. method of providing a radiation absorbing material at the joint region of the two 
workpieces, . where both plastic pieces are transparent, in order to form a weld between them. 
Infrared radiation (JR) bonding has been used to join plastic articles, as in U.S. P/N 6,054,072, the . 

^tire^clpsure-QjLw 

15 techniques in the methods disclosed here and the advantages in the methods disclosed here will be 
apparent to those skilled in the art given the benefit of this, disclosure. . 

. In accordance with certain/preferred embo dim ents. Fig. la shows a cross-sectional view of an 
exemplary configuration of a fluid-handling substrate 5 . The top planar surface, hereafter referred to 
... as the major surface, of a first plastic piece 10 and a major surface of a second plastic piece 1 1 have 
20 been welded together by irradiation of either the plastic pieces or of an optional EM absorbing 
. - • substance 12 or both. The plastic components of the fluid-handling substrate described herein are 
preferably made of, but not limited to, materials selected from the group consisting of polysulphone, . 
PEEK, polyfluoroethylene (PFE), polycarbonate, ceramic,. Teflon,, stainless steel, 
.. polydimethylsiloxane (PDMS), pyrex, soda glass,. CVD .diamond,. PZT,; silicon nitride, silicon 
25. .:dioxide, silicon, polysilicon, Au,.Ag, Pt, 1TO, Al, and combinations of any of them. PEEK is a 
* preferred material for.the plastic pieces and components to be made from. because it is chemically 
v . -inert, is insoluble inmost common solvents,, and it is also resistant to attack by .a wide range of 
-.organic and.inorganic chemicals. . PEEK has excellent flexural, impact, "and tensile characteristics, 
v.- . . PEEKis especially advantageous because it has alow glass ^ansitiontemperature.(Tg) andwill weld 
3Q:i.*'.at a temperature, that will not;lead..to the distortion, .warping;: or destruction of environmentally. 
■■ sensitive elements contained within the plastic pieces. AdditionaHy/PEEK aUowsifor visualization 
< ; v '.during -the weldmg'procesSrand,for IvisuaLinspection. of fheiseals; created!by the. welding process. ■ 
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• Oneormore additives may be included in the materials used in the fluid-handling substrates. For 
example, the additives may impart a desired color or other optical property to the fluid-handling 
substrate or may add strength to the materials such that the fluid handling substrate can be operated 
at higher pressures. For example, materials such as fibers, polymers, powders, carbonfill, carbon 
5 black, fiberglass, plastic and metal fibers, can be added to PEEK to provide increased strength, e.g. 
increased strength such that the fluid handling substrate may be operated at pressure above about 
10,000 Psi. The substrate contains a channel 13 formed by welding of the two plastic pieces 
together. The cavities or chambers within the plastic pieces that form the channels (after the plastic 
pieces are welded together) can be formed into the plastic piecei using anymethod known in the art 
10 - includmg,butnotlhmt^ 

micro-milling, sfficoh micro-machining, focused ion beam machining, Wet etching, and dry etching. 
The channels can be of a large variety of configurations.; For example, referring to Fig. 2, a wide 
variety of channel geometries including, but not limited. to, semi-circular 21, rectangular 22, 

15 one dimensional or multidimensional (two-dimensional or-three dimensional). Asusedherein, the 
term one dimensional channel means a channel that runs along a singleaxis aligned with the plane of 
the substrate. The term multidimensional channel, as used herein, means a channel that runs along 
two or more axes, perpendicular to each other, in- the plane of the substrate. The resulting 
dimensional aspects and architecture of the channels are especially sensitive to high temperature 
20 conditions because they can warp to the point at which they would no longer be functional or 
:•■ mamtam the desired shape or configuration. One ^skilledmthe art gxventhe benefit of this disclosure 
will be able to choose and design channel configurations suitable for indorpbration into the fluid 
handling substrates disclosed here. . ■•:.»•.•,-■ 
■ - • • , In accordance with, certain preferred embodiments, referrihg again to Figrla, -optionally 
!5 cbntamedwithmmec^ As used herein, the 

<: ... -term "environmental^ sensitive element" refers to elements: that would be destroyed if they were 
, ,subjected.to temperatures normallyrequired to seal the plastic pieces and/or Were.exposed.to one or 
" fmore •fhridve.g. -strong- adds^that might damage the- element. .Therefore, what: is. considered 
•:. •'. Environmentally sensitive depends on:ihe-sttbstraiematarial ^:wdde^^-to 1 5)eratafts.andor 
%■ pressure used during 'the, welding,: and on the species m r a -fluidvlMt is-.mtroduced,int6 theifluid' 

'handlmg substrate; JEhvir^ 
->:-.mearcMtectoreof.me 
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. systems, flexible membranes, sensors with tiered membrane assemblages, electrical sensors, 
mechanical devices, biological components with sensormembranes, reagents for biotransformations, 
arrays of gene probes and analogues, detectors, and chromatography reagents. Certain sensors, 
whether electrical or biological, are also sensitive to high temperature and tend to be destroyed by the 
5 high temperatures. Fluids can also be sensitive to chemical adbesives and high temperatures of fee 
current welding methods, and the composition of any adhesives added to effect welding of the pieces 
together maybe altered by the incident radiation, for example the adhesive may photoreact with the 
other components withinplastic pieces. Some fluids are susceptible to chemical reactions under high 
temperature and pressure, and the resulting products could change the character and reactivity of the 
10 fluid. For example, chromatography reagents, such as beads with bonded phases, can be destroyed 
by high temperatures. The substrate may also contain additional channels formed from welding the 
plastic pieces, together. For example, referring to Fig. la a second channel 15 is in close and 
continuous contact with an embedded microdevice 16. One.skilledinthe art given the benefit ofthis 

„ r?-i'or-1r»o-T-if c J-*« oM« V\-»^A ,3 1-1 ~ n--"^c->+-— ~ « " ~_ — i:^.~r^.1. , „ -1 „ _ 3 

^-'^ — ' m j.^> -w uwuipii t i«ii,. i ,yj.l,UJ ^ Jui/OUU^i} J i I t^n i^n 1^ Ok. ^JJLLU. taXALJT Ul t/i irmi u,i,-v OJJAJ. 
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15 innumerable environmentally sensitive elements. 

In certain preferred embodiments, a microchannel is formed in the multi-layer laminated 
substrate at the interface of two layers. It is an advantageous aspect of these preferred embodiments 
that. the layers are effectively welded or otherwise joined to form a fluid-tight seal along the 
periphery of the channel. A fluid-tight seal is a seal in which the channels do not leak fluid. That is, 
20 substantially no fluid can enter or exit the channels through the sealed periphery, but rather only 
through fluid communication ports provided in the substrate. For example, referring to Fig. la, port 
1 7 is seen to comprise an opening in the surface of the fluid-handling substrate. It will be understood 
Jrom this disclosure, that such fluid ports can be positioned at any convenient location in the surface 
of the substrate, taking in to account the need to provide fluid channels within the substrate to the 
25 ! The port may be located on either a major surface or on any side surface, hereafter referred to 

as a minor surface, of the substrate. Port 17 can be in communication with anintemal microchannel 
... that can extend to or through plastic layer ;10 and/or llofthe substrate.* An element 14 is contained 
<( . within phannel or chamber 13 andvis' in; fluid communication with- port 17- of the substrate; An 
. .-.embedded microdevice 16 is contained within, a second channel or' chambef 1 5- l It can be seen that 
30 ^both-fluid channels 13 and,15 are formed by and at the; interface of the two substrate layers 10, 11/ * : 
. . ^The port and microchmnel can be any 'suitable configuration, such^as, straight, serpentine, : <spiral etc. 
. .-/Also, a. wide Vjaxiety pf port geometries mcluding,;but notlinu and 
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rhomboid can be formed and are limited only by the thickness of the materials forming the fluid- 
: handling substrate. AddiuonaUy,oneormoreaddm<md^ 

channel 15 such that Add . can flow between the two chaimek. la certain embodiments a valve may 
, beembeddedmathirdchanneI(notshown)thati S operativeto connect channel 17 and channel 15. 
5 The valve can be opened to provide for fluid flow between the two channels or the valve can be 
closed to prohibit fluid flow between the channels. Such interconnected channels may be useful 
where, for example, the fluidhandling substrate comprises muluple seizors mdiiTerent channels and 
mevalveisoperativetodJrectmefluidtdonlyoneofthesensors. As discussed below, theport may 
in certain preferred embodiments be employed as a docking site for a component-on-board, e.g., an 
0 external device mounted to-the. substrate for increased functionaUty, more specifically, a mounted 
component that will be in fluid communication with a microcharmel in the substrate. A gasket 1 8 
may be used to form or enhance a fluid-tight seal between a mounted component-on-board and the 
surface of the substrate. A gasket, as referred to herein, maybe an O-ring carried by the mounted 

gaskets are employed at the mounting site of a component-on-board. Such gaskets can be usefully 
formed ofradiation absorbing materials, such as plastics or metals, and preferably have a lower Tg 
than the adjacent materials of the substrate and on-board component. After the component is 
positioned on the substrate the gasket at the joint between them is subjected to actinic or curing 
radiation. Also, suitable gaskets, e.g. PEEK gaskets, can be nri^ofomedonor inthesurfaceofthe 
laminated substrate and/or the surface of the component to be mounted A gasket can also be 
employed that covers the entire contact surface of the substrate and the component" One skilled in 
the art given me benefit of tMs d^^ 
handling substrates described here. , 
,k accordance wimc^^ 

may comprise a plurality of layers with different materials being used in the different layers. = For 
..example, referring ; to : Fig. lb, a fluidhandling. substrate 70 may comprise a first layer 76, a second 

layer 74 ^and a third layer. 72, mwhich the second layer 74 is disposed on the first layer 76 and the . 

todlay^72ismsposed i onme.secondlayer.74.;^ 

axe manufactured fromrs&el or;omer materials capable.ofwitb^^ 

applymerysucE asPEl^^Th«:^nd•laya••cW:btfdis^sed, 
e.g. ;! coated i depqsited ; .and the,Iike, in.accordance.witMthe memoo^^dcHmi^&d^m^er 
mediods,knovm.to x those : slane^ 
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handling devices are operative at extremely high pressures, e.g. greater than 10,000 psi, more 
preferably greater than 1 5, 000 psi, the first and third layers may contain proj ections, e.g. upward or 
outward projections, to reinforce the fluid-handling devices. For example, referring to Fig. lc, a 
multi-layer laminated fluid-handling device 80 comprises a first layer 84 having upward projections 
5. 86 and .87 that contact the third layer. 82 such that the second layer is completely enclosed in the 
fluid-handling device. That is, no surfaces of the second layer are exposed to the outside, except 
. through a port extending from the surface of the fluid-handling device into the second layer, for 
example. Upward projections 86 and 87 may comprise any of numerous forms including for 
example reinforcing sidewalls, reinforcing members and the like. Optionally, additional projections, 
10 .or mechanical barriers, 88 and 89 may extend between the first and third layers and into the second 
layer to further reinforce, the fluid-handling device. In embodiments comprising upward projections 
that are operative to reinforce the fluid handling device, the device may be assembled using any of 
the methods discussed above including for example, adhesiyes, welding and the like. One skill ed in 

th.C" ait Veil" the" b SGSju t'G f "tilLS "ChsCiOSUrc ' wTlI^u c ~ abi e XO ~d g^ga^^ 1 tah i e^fl Om- n arm I t Tig^n e vj fies 

15 capable of operating at extremely . high pressures, in accordance with the devices and methods 
described here. ; . . .... .. * 

In accordance with certain preferred embodiments, assembly of the fluid-handling substrate 
. occurs as the substrate pieces are welded together and the channels are preferably sealed using 
selective EM welding techniques, such as selective.IR welding. Selectively welded, as used herein, 
:0 refers to a weld that produces a fluid-tight seal surrounding the channels in the plastic pieces or 
... components of the.fluid-handling substrate. The selective welding is preferably done substantially 
. in the area immediately surrounding the channel the weld is intended to seal. However, this does 
not exclude any welding location that may create a fluid-tight seal. The most preferable welding 
methods include, . but are not limited to;. TR" dosage* (pulsed, continuous, intensity, 
5 frequency/bandwidth), IR delivery (spot, flood), thermal conditions (workpiece, platen(s), pick 
tools), ultrasonic agitation, or pressure; ■ For illustrative purposes only, Figs. 3a and 3b show one 
possible configuration for assembly of a fluid-handling substrate that contains an environmentally 
sensitive component., :/The resultant, channels and any components contained therein have been 
... : omitted firom Fig. 3 for. clarity. The. chambers or cavities responsible forforniirig'the channel after 
the pieces have, been welded, togetherxan -be machined into the plastiapieces~using any method 
-Mqwn^to thoseikiUedin the-art, such as those described above: :Refeir^ 
D'-a piece 10 is capable ofabsorbing the:incident radiation^whereas a second-plastic piece VI is energy 
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transmissive. The welding of the plastic pieces is done by first aligning the major surface of thefirst 
plastic piece 10 and the major surface ofthe second plastic piece 11 using a mechanical device 30, 
such as a clamp or an alignment stage or a clamp on an ali gnm ent stage, for example. Next, 
radiation, preferably in the form of EM beam 3 1, is applied through the surface of the transmissive 
5 plastic piece (see Fig. 3b). The EM opaque first plastic piece will absorb the energy of the EM, and 
heat will be generated causing the surface of the plastic pieces to melt or soften. The melted surface 
will cool, and the plastic pieces will then be welded forming a channel with a fluid-tight seal. One 
skilled in the art given the benefit of this disclosure willbe able to use these and other techniques for 
assembling the layers of the fluid handling substrates described here. 
10 hi accordance with preferred embodiments, the plastic pieces and gaskets are preferably made 

of PEEK as this material provides for the possibility of visual or optical inspection of the weld and 
resultant fluid-tight seal. Additionally, other properties of PEEK make its use desirable. PEEK has 
superior chemical resistance allowing for its use in harsh chemical environments. PEEK retains its 
flGAtu^^u'tensflc^properfe — 
15 other materials, may be added to PEEK to enhance its mechanical and thermal properties. One 
advantage of using PEEK in the assembly of a fluid-handling substrate, as discussed above, is that 
the selective JR. welding process may be visually or optically monitored, as PEEK is a clear and 
colorless material. Therefore, the fluid-tight seals that are created, using the selective 3R welding 
process, may be visually or optically inspected prior to further assembly or distribution of the fluid- 
20 handling substrate. If upon visual or optical inspection it is deter min ed that the seal is not a fluid- 
tight seal, additional selective welding can be performed prior to testing of the fluid-handling 
substrate, thus the quality of the assembled fluid-handling substrates and the integrity of the fluid- 
tight seals is much improved compared to other prior devices. One skilled in the art given the benefit 
' of this disclosure will be able to assemble PEEK layers into the fluid handling substrates disclosed 
25 here. - * ■ . \- ■-. ?■ ■ ... <\. , ;;.t ... „ - \. ♦ : 

hi accordance with:certain preferred embodiments, joining of plastic piecesand sealing of 
: \ , channels can be accomplished with a focusable EM beam, such as a laser,. As used herein, the term 
, focusable EM beam refers to any Hght soT^ce where^the size- of the light incident on.the -surface is 
very smafl.^encomparedto the overall size of the surface; whereas an.EM beam refers to any light 
30 ...{■ source that .may : iUuminate ra- significanfeportion ,or all, of a, surface. An advantage of using a 
^ • - focusable beam mcludes/direction of the ra^ation away from any areasthat mightbe damaged : from 
. ^.the radiation, suchc^xthose areas^cbntairiing^an environmentally sensitive^ element^ fbr.example. 
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Thus by using the focusable EM beam, a fluid-tight seal may be created without risking damage to 
any environmentally sensitive element within or attached to the fluid-handling substrates. The 
focusable beam may also be coupled with the use of a dye for time scheduled selective wel din g. As 
usedherein, time scheduled selective welding refers to using different dyes between or coated on or 
5 contained within different portions of, each layer of the fluid-handling substrate. Two or more dyes 
can be used to ensure only those areas containing the appropriate dye are welded together. For 
example, two dyes, Epolight 5010 and Epolight 6084, both from Epolin, Inc. (Newark, NJ), are 
coated independently on different portions of the fluid-handling substrate to be assembled. Epolight 
5010 has a maximum light absorption at about 450 nm while Epolight 2057 has a maximum 
absorption at about 1064 nm. Therefore, radiation having a wavelength of 1 064 nrrij such as an 
infrared laser, would only be absorbed by the Epolight 2057, and only the areas of the fluid-handling 
substrate containing the Epolight 2057 would be welded together. . A different radiation source 
having a wavelength of about 450 nm, such as an argon laser, would be required to weld any areas 

■^O -~ -^f v - 4 - t £7* i * ^. n^mjlw bisuiiwu. HI OLLy £L Y UJ.C UCHCX1L <sM U-U5 UlSClUSLUG, W HI 

recognize that a focusable EM beam could be used in combination with multiple dyes for time 
selective welding and increased protection of environmentally sensitive elements. ' Additionally, a 
tunable dye laser, could be used. to provide rapid switching of the incident wavelength and thus 
providing more rapid methods for the selective welding process and assembly of the fluid-handling 
substrate. Additional materials suitable for use as IR absorbing materials include high temperature 
dyes, also ^available from Epolin, Inc., such as Epolight 3079, Epolight 4049, Epolight 3036, 
Epolight 4129, Epolight 3138, and Epolight 3079, for example. One skilled in the art given the 
benefit of this disclosure will be able to use these dyes and other dyes and materials for selectively 
welding layers to form the fluid handling substrates described here- 
in accordance with certain preferred embodiments, if all the pieces of the substrates are EM 
tran^missive, . the. pieces maybe coated^with asubstance that, is EM opaque. such that selective 
welding of the layers, can be performed. . The EM.absorbing substance maybe any substance capable 
of absorbing the incident radiation., Preferred EM;absorbing substances include, but are not limited 
to, t dyes and pigments, for example, Epolight 5010, EpoH^t^532,-^ 
1125,. all. from Epolight,. Itic., ; (Newark, NJ). Figs. 4a-4c show an exemplary- configuration for 
, : assembly of a flindrj^^g.subslrate where aU layers„9f the substrate are EM transmissive. When 
, JPj^g^ necessaiy.to eithercoaf the'surface;of one or 
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incoiporate an EM absorbing substance into at least one of the plastic pieces. EM interfaces, 
composed of any EM absorbing substance such as dyes or dye-containing substances, can be created 
by contrasting adnumstrationregMesinclua^g, but no^ 

and micro-contact transfer printing and the like. Referring to Fig.' 4a, a coating of an EM substance 
12 maybe first applied to a major surface of the first or second plastic piece or both. The plastic 
pieces 10 and 1 1 may then be aligned using a mechanical device 30, such as an alignment stage, for 
example (See Fig. 4b). An EM beam 31 is applied through the surface of one of the transmissive 
plasticpieces so that radiation is incident on the EM absorbing coating 12 (see Fig. 4c). Heatingand 
subsequent cooling of the EM coating results in welding of the two plastic pieces together, and 
formation of a channel with a fluid-tight seal.:. A gasket may be used to iurther enhance the 
effectiveness of the fluid tight seal. One skilled in the art given the benefit of this disclosure will be 
able to select suitable EM absorbing materials for assembly of the fluid handling substrates disclosed 



here. 



. maccoraancewlra^enatt^^ 
:5 substrate conmrismgenvironmentallysensitive element as discussed above, is disclosed. Refers 
- to Fig. 5a, for additionalprotecfionof me environmentally sensitive elements, me stacked layers can 
be masked with an EM absorbing substance 19 and only the unmasked portions are exposed to the 
EM radiation and, therefore, only those locations are heated to seal the layers, the use of blocking 
materials confers spatiauyahd/ortempora^ 

sensitive elements in the channels from the EM radiation These methods prevent the 
, environmentally sensitive element from becoming heated and subsequently destroyed by the heat 
from the sealing process. A gasket may be placed around the resulting channel acts to increase the 
effectiveness of the fluid-tight seal and to dissipate any surrounding heat that could potentially 
damage the environmentally sensitive element. If afocusableEMbeamis used, as discussed above, 
the aligned layers can be moved in relation to the EM beam to facilitate joining of the correct 
■positions on the plastic pieces.' Alternatively, the beam can be moved in relation to the aligned 
plasticpieces. These two membdialldwfor greater confr^ over theportibns of me fluid-handling 
substrates that are irradiated, heated, and seded. Afier smtableatig^ 

the pieces can be welded together; as- shown in Fig,'-5c,-without' damaging any : ehvirdnmentaUy 
: sensitive, elements contained within: the flm'dhah(3hng suffsfrate. ! One Called inthe art given the 
■ benefitof.this disclosure wm'beaBle to 
..hand^gsubstrates-wiffiouftogfr 
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In accordance with preferred embodiments, the radiation necessary to weld the plastic pieces 
together may be administered using several different methodologies including, but not limited to, 
fibre delivery, controlled spot size and controlled spot intensity, seam forming, and large area 
rastering. Preferred joining methodologies for the plastic pieces and/or components include IR 
5 dosage, IR delivery, thermal conditions, ultrasonic agitation, and pressure. The EM radiation source 
may be, any type of EM source, including commercially, available lamps, e.g. arc lamps, or lasers. 
The EM radiation most preferable is infrared radiation (IR) with the IR source preferably being 
infrared lasers or infrared heat bulbs having tungsten filaments and integral parabolic reflectors. The 
EM source may optionally include lenses that vary the focal point of the beam. The EM source is 
10 generally positioned and timed to project the.EM beam a lens or grating and onto the aligned and 
mated layers of the fluid-handling substrate. It will however, be realized that any EM source, and 
any necessary accessory optical components, e.g. lenses, gratings, filters, monochromators and the 
like, may be used provided that a suitable EM absorbing material is available, and, if appropriate, 
GneplastiC'picee'is trsnsniissive tc tuc^Eivi'Tcichaucr^ bciiefit'ox 
this disclosure will be able to select , suitable radiative sources and methods for focusing those 
radiative sources onto layers to form fluid-handling substrates having fluid-tight seals. 

In accordance with certain preferred embodiments, the fluid-handling substrate may comprise 
an external component attached to the assembled fluid-handling substrate. Such external component, 
which is referred to as a. component-on-board, can advantageously provide any of numerous 
functionalities to the fluid-handling substrate. For example, the component-on-board can act as a 
fluid reservoir, as an analytical device, such as a conduit cartridge, as a data analysis system, such as 
a computer, as a delivery device or may serve other roles. For illustrative purposes only, Fig. 6 
- shows an embodiment of a fluid-handling substrate containing an attached component-on-board. 
• The fluid-handling substrate may be assembled using any technique described above or any 
: technique known to those skilled in the art. For example, the interfaced the component-on-board 
and the fluid-handling substrate may be selectively welded such that a fluid-tight seal is created 
between the external component, andr.the, fluid handling substrate. A'componerit-on-board 50 is 
-attached to a port 17 on the surface of the substrate assembly.; .As discussed ! iabove; an optional 
„ -..gasket maybe used at the interface.of the port. and the compdneht-on-board to provide for amore 
? > effective ^ fluid-tight seal between the component and the fluid-handling substrate. An internal fluid-' 

. itigfei? e ^d^ 
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: For example, the component on-board may comprise one more detectors. In especially preferred 
embodiments, the component-on-board is a conduit cartridge that is operative to separate species in a 
fluid. Suitable conduit cartridges are disclosed in the commonly assigned U.S. Patent Applications 
that have been incorporated herein by reference for all purposes. In other embodiments, as described 
in Examples I and 2 below, the fluid handling substrate is interfaces with an analytical system and 
also with a conduit cartridge. Thus fluid maybe introduced into the fluid handling substrate 5, from 
a solvent reservoir in the analytical system for example, the fluid can traverse the microfluidic 
channels of the fluid handling substrate and can enter a component-on-board, such as a conduit 
cartridge. The fluid may return from the component-on-board to the fluid handling substrate through 
an additional port or orifice as described below. One skilled in the art given the benefit of this 
disclosure will be able to interface the fluid-handling substrates described here with any of numerous 
devices including but not limited to analytical systems and conduit cartridges. 

In accordance with certain preferred embodiments, Figs. 7a and 7b shows one possible 

Fig. 7a, a component-on-board 50 is attached to a provided assembled fluid-handling substrate 40 
through a port 17 on the surface of the substrate. ' Referring to Fig. 7b, the interface of the 
. component-on-board and the port are s electively welded together using any method known to those 
skilled in the art, for example, selective IR welding using an EM beam 3 1 as discussed above: Upon 
completion of the selective IR welding, a fluid tight seal is created between the component-on-board 
50 and port 17 on substrate 40. The component-on-board may then be in fluid communication with 
an internal channel 13 of the welded substrate and any environmentally sensitive elements 14 
contained therein. Certain preferred embodiments of the microfluidic substrate assemblies disclosed 
here comprise a removable component-on-board attached to an assembled fluid-handling substrate. 
Aremoveable component-on-board facilitates exchanging or swapping one component-on-board for 
another. The ability to exchange, with other swappable components-on-board provides increased 
functionality to the fluid-handling substrate. For example, the swappable cdmpbnent-oh-bbard may 
contain-a device; such as: a^^ or biological components 

Qontained within the fluid-handling substr^^^ could then be removed and 

replaced with anothertype of detector, suchas an infrared detector; for a more complete and : distinct 
analysis of.the:species m.the fluidxontamedw 

For^illustrativepuiposes :only?figi8 showman? embodiment of a flui(^an<IiMg^ a 
swapp^le,compon<^^ assembled usmg any 
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technique described above or any technique known to those skilled in the art. Though not drawn to 
scale, a swappable component-on-board 60 attaches to the fluid-handling substrate through aport 17 
on the surface of an assembled fluid-handling substrate 40. The port optionally contains one or more 
connectors as described above. To facilitate attachment and maintenance of the desired fluid-tight 
5 seal, the swappable component-on-board 60 typically contains at least one connector. Additionally, 
. theport 1 7 ofthe fluid-handling substrate 40 may contains at a gasket and a connector for accepting 
the connector from the swappable .component-on-board. For example, the embodiment of Fig. 8 
shows a swappable component-on-board 60 containing a male connector 65 and the port 17 of the 
fluid-handling substrate 40 containing a female connector 66. The joint or interfacial areas ofthe 
10 connector 65 of the component-on-board 60 and the connector 66 ofthe port 17 act to form a fluid 
tight seal. After creating a fluid-tight seal between the swappable component-on-board.andthe fluid- 
handling substrate, effective fluid communication is established between any internal channels and 
any environmentally sensitive component contained within the fluid-handling substrate and the 
^mpor^ 

15 suitable connectors and devices for creating fluid tight seals between swappable components-on- 
board and the fluid-handing substrate assemblies disclosed here.; ■ 

. ; In accordance with preferred embodiments, the multi-layer laminated substrates disclosed 
here may be used in a chromatographic instrument For example, a microchannel of the substrate 
may be coated with a packing material such that the substrate is operative as an analytical cartridge, 
20 e.g. see 1 30 in Fig. 1 IB. Referring to Figs 11 A and l IB, the analytical cartridge may be used, for 
example, to separate multiple species in a fluid. The sample can be introduced into the system using 
an inj ector* and a suitable mobile phase can be selected and introduced using solvent reservoirs, and 
high pressure pumps. Preferably solvent gradients are implemented to achieve more efficient and 
better separation. In addition, the analytical cartridge can be in communication with a sample supply 
25 . line, e.g. a waste line flowing out of manufacturing facility into a body of water,, such thatsamples 
maybe taken automatically and intermittently, e.g. hourly,.daily, weekly andthe like, and separated 
V ■ by the analytical cartridge using, for example, additional solid phase extraction (SPE).cartridges, pre- 
' concentrators, guard, columns, pumps, and the like in fluid communication with the- analytical 
• f cartridge 130... Suitable separation systems for use with embodiments of tfie-multi-layer laminated 
30 . ' : substrate disclosed here will be apparent to those skilled in the art; 'Exemplaryanalytical systems are 
•.•..^.-discussed belowin the Examples;- < - .'^w r.r. riv.vV. . 'U-' 1 - 
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Prom the above disclosure and detailed description of various preferred embodiments, itwill 
be recognized by those sMUedmmeart,.thatgoodflexibiHtyis achieved in the design, manufacture 
and use of fluid-handling substrates suitable for can be used for a variety of apphcations including, 
but not limited to, liquid chromatography separations and analyses. The use of fixed and/or 
removeable or swappabie components-on-board provides additionai funcuonality to the fluid- 
handling substrates. Fabrication of the substrate and its components using PEEK provides design 
flexibility and good opportunity for quality assurance in the assembly process. 

Several examples of a fluid separation conduit cartridge are described below. The examples 
are not intended to limit the fluid separation conduit cartridges described here in any manner. 

Example 1 

An example of a fluid-handling substrate assembly, in the foim of a fluid separation conduit 
cartridge, interfaced with an analytical system, e.g. a chromatography system, is shown in Fig. 13. 
^e-analyu^^tem^pi^ 
15 That is, the analytical system may bepositioned near, or in-line, e.g. within the sample flow itself 
such that analysis of samples may occur automaticaUy,e.g; using auto-samplers, auto-injectors, and 
the like, or to facilitate rapid analysis of samples, e.g. samples during a process by an operator at an 
... end-user's facility. For example, the system can be configured for analysis at specified intervals, e.g. 
every minute, hour,-day, etc., such that continuous monitoring of a process can be performed with 
little or no user input. That is, the system can be configured torun a chromatographic method at a 
specified time interval without additional input from an operator. Referring to Fig. 1 3, the analytical 
system 400 typically comprises a multi-layer laminated conduit cartridge 410 interfaced with an 
analytical system, e.g. a chromatography instrument - Numerous mechanisms for interfacing the 
■ conduit cartridge with the analytical system are known, to those skilled in the art and exemplary 
25. ■ interfaces are described below. The multi-layer laminated conduit cartridge maybe designed using 
the methods described above, for example, by etching microchannels into two or more layer of 
• : PEEK and assembling the layers, using selective 1R welding for example,- to Wamicroflmdic 
> , flow channel at the interface of thelayers. •Subsequently, apacking material maybe.introduced into 
the conduit cartridge*) fiama separation conduit cartridgcoperative to separatespeciesm a fluid. 
30 .. :^e.analyticd systemoptionaUy:compriseS:.a.te c6lama ^ a 

soM phase extrachon silo for ana^ 

such that trace levels of analyte are concentrated to levels that are detectable by the analytical system 
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• Thatis, the concentration, of an analyte maybe increased. 10 1 , 10 2 , 10 3 10 4 , 10 5 , 10 6 , 10 7 , 10 8 , 10 9 
times or higher, to levels that are easily detected using the dfetector of the analytical system. The 
treatment units are optional and may be replaced with other chromatographic devices, such as, for 
.example, guard columns, filters, semi-permeable membranes, etc. Alternatively, the treatment units 

5 can be replaced. with a fluid flow channel such that little or no operations are performed on the fluid 
prior to entry into the conduit cartridge. 

. The system also typically includes a .graphical user interface 404 for programming the systeco, 
e.g. the method, and/or monitoring system performance. The graphical interface may take numerous 
forms such as, for example, a keypad, an LCD screen, a touch screen, e.g. a touch screen display 
10 - unit, etc. in certain embodiments, the graphical user interface is omitted and the information on the 
. conduit cartridge is used to program the system. The system . optionally contains a 
. receiver/transmitter 406 to provide for remote operation and diagnosis, e.g. operation of the 
analytical system over the Internet and/or transmission of data over the Internet to a remote facility. 
~~- IrrxeftsiirembodiffiB^ 
15 receiver/transmitter of the analytical system may be omitted. . .. 

. .. The system typically includes at least one detector 408. The type of detector used typically 
depends on the optical and physical properties of the species in the fluid. Additionally, the detectors 
are usually interchangeable such that the detector may be switched to a different type of detector, e.g, 
from a UV- Visible absorbance detector to a fluorescence detector. Suitable detectors include but are 
20 not limited to UV-Visible absorbance detectors, IR detectors, fluorescencedetectors, electrochemical 
detectors, voltammetrie detectors, coulometric detectors, potentiometric detectors, thermal detectors, 
ionization detectors, NMR detectors, EPR detectors, Raman detectors, refractive index detectors. 
/ ultrasonic detectors, photothermal detectors, photoacoustic detectors, evaporative light scattering 
' detectors, mass-spectrometric detectors, and the like. ■ The conduit cartridge 410 typically interfaces 
25 with the system through a manifold, which is discussed in detail below. In alternative embodiments, 
: however, the.conduit cartridge can interface directly with the system, e.g. can be connected directly 
y to a*;fluid supply: source, e;g. a pump and/or injector, without any intervening mechaiiical 

• components, for-example,, ' ' * : .v .u^v, '^vfu^vj.::"- r.; .'mj:' 

* . ■ 1 ; - ■ '■■ Acloseable face plate 415 may be hingeably or removably attached to the'system and can be 
30.i : ■ closed over, or araundi the system to protect the sy^ein such 
. >j2«as. chemical solvente,,IJV:3^ation^and thelliker'Si^lyifig pow&and daf aib^lhe-c^matd'^aphy 
^i5VsjBtem-,is a<power- and cbinmunicatibmiriteif^ to 
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■ provide a power source to the system, and can also provide communication of the system to a central 
computer, e.g. a computer in communication with the system for monitoring test results and/or for 
receiving information from the system. ' ■■; 

To achieve high reproducibility, a fixed-loop injector 41.4 is typically used to introduce 
.5 sample into the system. Suitable fixed-loop injectors are well known to those skilled in the art and 
are commercially available from numerous sources, e.g. Beckman Instruments (Fullerton, CA). 
. Other injectors may be used inplace of the fixed-loop injector depending on the intended use of the 
system. For example, auto-injectors and/or auto-samplers may be used to provide for automated 
sampling and analysis of fluids. Suitable auto-samplers and auto-injectors are well known to those 
10 skilled in the art and are commercially available from numerous manufacturers. . Optionally, the 
system can be programmed such that, the auto-samplers and/or auto-injectors take samples at 
specified intervals,, e:g. every .10 seconds, every minute, hourly,.daily, weekly, monthly, etc., such 
. that testing of the fluid can be performed without any input from a user. The system also includes 
predseriffi^ 

15 magazines 418 for providmg a fluid phase for ruiming the chromatographic me&^ 
, .. .. - cartridge, e.g.. solvent gradients and the like. Such precise microfluidics can be achieved using 
• ■■ ^nnnerous methods known to those skilled in the art, such as the methods described in the commonly 
assigned U.S. Patent Applications incorporated herein by reference for all purposes. As discussed 
. . . above, typically in fluid communication with the solvent reservoirs are one or more pumps, which 
'20 . are operative to. generate a fluid flow, v 

- Typically the system installation can be customized such that the system can be positioned in 
numerous places in a facility. Thatis, the dimensions andshapes ofthe system can be designed for 
■„ placement of the system in numerous areas of an operating facility, and the functions, e.g. the * 
:-■ : chromatographic methods, ofthe system.can be tailored to perform innumerable tests desired by an 
25 end-user. ■ In preferred embodiments, the system is placed -near , the sample or,.prpcess to be 
v r momtored...That is, . the ^system may be placed, .either fixably orxemovably mounted, for example, 
-r;ne^,the..fluid to.be analyzed::. For example, theisystemcanbe custom mounted to a conduit 420 that 
carries a fluid sample, e.g. river water, out of a manufacturing facility, for example. Depending upon 
—the configuration ofthe. system, ; the:system.can automatically sample the fluid flowing through the 
30 M c cpndmt, : .e.g, ; us^ andvJhe-like^OFone or.more valves positioned in : 

^fe^^ intbrithe^system. 
.^i .^.M^afelpan^e^ 
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. . through a fixed-loop injector, for example, using a needle, syringe, and the like. One skilled in the 
art given the benefit of this disclosure will be able to select suitable positions for the system 
• described here depending on the type of analyses to be performed by the system 

The fluid separation conduit cartridge typically interfaces with an analytical system through a 
5 manifold, e.g. the multi-iayer laminated manifoid 456 shown in Fig. 14. Multi-layer manifold 456 
may be assembled using any of the methods described above and other methods know to those 
skilled in the art. In Fig. 1 4, the conduit cartridge 452 will be understood to be analogous to conduit 
cartridge410 shown in Fig. 13. Thus,Fig. 10 shows a first multi-layer laminated assembly, e.g. the 
conduit cartridge 452, interfaced to a secondmulti-layer laminated assembly, the manifold 456. As 
,10 discussed, the manifold 456 is seen in the particular embodiment of Fig. 14 to be a multi-layer 
laminated structure and has one or more microfluidic channels for introducing fluid into or receiving, 
fluid from. the conduit- cartridge. For example, the manifold 456 may comprise a first layer 458 
attached to a second layer 459 which itself is attached to a third layer 460. As can be seen inFig. 1 0, 
: the second layer 459 typically is sandwiched between the first layer 458 and the third layer 4607" 
15 Fluid channels can be provided within and/or at the interface^) of the layers of such manifolds. For 
example, layer 459 in the manifold 456 of Fig, 14 can optionally be constructed as a microfluidic 
substrate assembly as described above, optionally with layer 459 being formed substantially of 
PEEEL The layers of the multi-layer laminated manifold each can be manufactured 1 from any of 
numerous materials, including but not limited to PEEK, steel, e.g. stainless steel, and the like. 
20 Different layers of the multi-layer laminated manifold may be formed of different materials. In 
certain embodiments, the microfluidic flow channel is between two or more of the layers, e.g. the 
;microfluidic flow channel can extend from the third layer into the second layer and optionally into 
the first layer, for example. The microfluidic flow channel can be formed in one or more of the 
layers. using numerous techniques, e.g. UV .embossing, micrcHmachining, imcro-milling; and the like. 
25 For example, a micro-channel can be etchedinto the second layer and the first layer such that when 
thesecond layer is assembled to the first layer a fluid-tight microfluidic flow "channel is created. As 

- discussed above, the' layers can be assembled to form tie multi-layer laminated manifold: For 
K! . example, the layers can be assembled by welding the'layers together,"optiohany with a 5 gasket 

positioned between the layers, or can be assembled using' adhesives and the like. • One skilled in the 
30 , art-given the benefit of this disclosure will be able to select suitable methods for assembling the 

- layers' , of multi-layer laminated -manifolds - suitable for use- -with multi4ay£r ' conduit "cartridges 
disclosed here. Preferably, the manifold comprises-at : leai^ 
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.communication with a solvent reservoir and with an input orifice of the conduit cartridge. Thus 
solvent may flow into the conduit cartridge through a microfluidic channel in the manifold, e.g. by 
pumping the fluid into the cartridge using .a pump. The manifold can include a second microfluidic 
channel that is in fluid communication with an output orifice of the conduit cartridge and typically is 
. 5 . also in-fluid communication with a detector. Therefore, a sample maybe introduced mio the conduit 
cartridge through the first microfluidic channel in the multi-layer manifold, separated by the conduit 
cartridge, and the separated species can flow out of the conduit cartridge through the second 
microfluidic channel in the manifold to a detector that can measure the amount and nature of the 
species present in the sample. Thus, asdiscussed above, the fluid handlmg substrates describedhere 
10 maybe configured to interface with, an analytical system in numerous ways, e.g. a manifold 456 or a 
. conduit cartridge 452 or both.. One skilled in the art given the benefit of this disclosure will be able 
to design other suitable manifolds and devices for mtei&cmg me conddt cartridge wim an analydcal 
system.. . 



20 



_ -Tfirmmu=iayermanu6^ 
15 interface 454 typically is operative to create a fluid-tight seal when the cartridge is plugged into the 
manifold. That is, interface 454 is operative toprovide a. sealing force suitable to prevent fluid from 
leaking between the manifold and the fluid separation conduit cartridge. Optionally, one or more 
j - gaskets can be positioned, between, the conduit cartridge and the interface to aid in forming a fluid- 
tight seal. The interface itself may comprise a multi-layer laminated structure. Thus, in certain 
embodiments, apluraUty of multi-layer laminated structures maybe in fluid communication with 
eachother, through nricrochannels, ports, and the like, and with one ormore analytical systems. One 
skilled in the art, given the benefit of this disclosure, will be able to select suitable manifolds, 
... interfaces and mechanisms for retainmgmecondritcarmdge.agato 

, the manifold to create a fluid-tight seal.. Exemplary mechanisms include cams, springs, pressure 
25 .: plates, welding, clamps, gear drives, , and combinations of any of foem, adapted to be actuated by 
gravity or manually, by solenoid, pneumatically, hydraulically, etc. As discussed above, in 
• alternative embodiments the conduit cartridge is plugged directly into me. system without using a 

•' . m ^°l (L • For - example, ^^ ;^table •connectors may be added. to. the conduit, cartridge, such.that the 

... conduit cartridge can be in direct flm^ conmiumcation wiua a flow line, e.g a flow Imemcluding one 
30 rL -..S.TO solyente.and,one.or,more species; to;be separated. ..One skilled injhe art giventhe benefit of 
: ;U ii.^^osure wm : be able.to,select suitable mechanisms.and devices ;foninterfacirigithe conduit 
'fei ;<: f^#t^teteana]y^ -/^.^j .^od -is-ior. it 
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la other embodiments, the manifold itself is in communication with a second component-on- 
board, such as a device that is operative to generate fluid flow. For example, referring to Fig. 1 1, a 
pump 470 can be attached to the multi-layer laminated manifold 45 6 and can be configured such that 
fluid is drawn from a fluid reservoir, e.g a solvent reservoir, and is forced into manifold 456 and 
5 subsequently into conduit cartridge 452. Such devices may be any of the devices known to those 
skilled in the art and discussed above including but not limited to pumps, vacuum manifolds and the 
like. The device for generating fluid flow can also be in communication with one or more injectors 
and discussed above. 

; 10 Example 2 

An additional example of a multi-layer laminated conduit cartridge, assembled in accordance 
with this disclosure, interfaced with an analytical system is shown inFig. 16." The analytical system 
500 comprises a conduit cartridge 502, e.g. a cartridge operative to perform capillary liquid 

■ ... —i i.i. O +^ <v**rt r_«-..«.i-~—~-~V. 1..-?- ~ ry—^J — JS- - a^jC A/i^„. A _1 — - -CC"-— ^ - ^,.C O H Pt- ^„ — >T~ * - ~— 

— 'UiOi. V/xxxt* i.w tip jj. jr , CI ^i. ttpui^Ol UO JXl tUilOOO^ V-T^OJUU. U UliCi .^OJOC UOO JU ul A U.^glCtf ULlCai LU5C1 

15 interface can be used to program the system and/or the conduit cartridge for a specific method, e.g. a 
. specific solvent gradient, run time, flow rate, and the like. As discussed above, the graphical user 
interface can be omitted in embodiments where the conduit cartridge is operative to program the 
' system, e. g. where the conduit cartridge comprises an analytical method in a memory unit within the 
conduit cartridge, for example. The buffer cassettes are equivalent to solvent reservoirs. That is, the 
20 buffer cassettes may be loaded with any suitable mobile phase needed to perform a chromatographic 
method, for example. Preferably, the mobile phases are" different in different buffer cassettes such 
that solvent gradients can be implemented in the analytical method.. The buffer cassettes may be in 
communication with one or more devices that are operative to generate a fluid flow (not shown), e.g. 
• pumps and the like. The.system 500 typically has one or more power and c ommuni cation interfaces 
25 508 and can be custom installed 5 12 at a user's facility such that automated analyses may take place 
or such that the system is : positioned: near the fluid to be . analyzed. As discussed above, the 
r . communication interface may send and/or.receive data to or from a central computer, or other device. 

The system can be controlled by remote operation and diagnosis using a cominunication.device 510 
. by various methods, such as for example, ; e-mail over the " Internets The 1 communication device 
30 ,. . typically is used to alter the method of the system without having;to manualtyeriter the new method 
.using the grap|iicd.iiser interface. .This featureprovides 
, > jr^&e case 3^ybe,:of fteisyste^ and 
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the system is controlled by information sent from the conduit cartridge, which may comprise its own 
communication device positioned with a chamber in the conduit cartridge, to the system. As can be 
seen in Fig. 16, the size of the conduit cartridge can be tailored such that it has the appropriate 
dimensions, e.g. height, width and thickness, andhas the appropriate connectors to interface with any 
5 analytical system. For example, in embodiments comprising a capillary column, the dimensions of 
the conduit cartridge maybe reduced such that the footprint of the cartridge is smaller and occupies 
less space on the analytical system. Suitable fluid connectors including those discussed here, e.g. 
male/female connectors and the like, can be attached to the conduit cartridges and are typically 
operative to create a fluid-tight seal between the conduit cartridge and the analytical system. Suitable 
10 electrical connectors can be attached to the conduit cartridge including those discussed above/for 
example, PCMCIA connectors, USB connectors, serial connectors and the like; The electrical 
connectors typically provide for transfer of information to and from me conduit cartridge. 

■ As discussed above, the fluid separation conduit cartridge can interface with the system 

15 e.g. -without any intervening physical components. Suitable connectors for interfacing with the 
manifold can be positioned on any surface of the housing unit of the conduit cartridge: The fluid 
separation conduit cartridge 502 may include one or more connectors on a major surface, e.g. the 
back surface of the conduit cartridge 502 shown in Fig. 16, such that the conduit cartridge can . 
interface with a manifold and sit flush with, the surface of the system. For example, the conduit 
20 cartridge may have outwardly projecting connectors that plug into a manifold, having receiving 
socket, positioned oh the analytical system. When me condmt cartridge is plugged mto the manifold, 
the conduit cartridge snaps intoposition on the analytical system, e.g. becomes seated in aslot on the 
surface of the analytical system Thus, the conduit cartridge is in fluid communication with the 
: analytical system and is retained by the system such that vibrations will not dislodge the conduit 
25 cartridge from me system, i.e. ^ 

: even in the presence, ofvibrations or other physical disturbances. Numerous other devices, e.g. 

cams, puUeys, springs, pressureplates and the like maybe used to retain the conduit cartridge against 
• . .^.nwDifold-ofcthesystem such fitata fluid tig^ts^.kpieservediv-; • <• . 
•.Almoughmepresentmventionhasbeendescn^ 
10,::. is anticipated thatother uses,:alterations:and:m6dffications ffie^f^<bedeme-i$pa^fit"e>:ftose 
■ ,; . skflled m the. art given the benefitiof this disclosure. . Such alteratiohs.are.intended tomclude the 
.ju .-inferchangmgof ^e-ormoredfmecompMentsofany.o 
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any of the other embodiments disclosed here. It is intended that the following claims be read as 
covering such alterations and modifications as fall within the true spirit and scope of the invention. 
It is intended that the articles "a" and "an" as used below in the claims, cover both the singular and 
plural forms of the nouns which the articles modify. 
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What is claimed is: 

1 . A microfluidic substrate assembly comprising: 

a multi-layer laminated substrate defining at least one fluid inlet port and at least one 
microscale fluid flow channel within the multi-layer substrate in fluid communication with the inlet 
port for transport of fluid; and 

at least one operative component mounted aboard the multi-layer laminated substrate in 
communication with the microscale fluid flow channel. 

2. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is in fluid communication with the at least one microscale 
fluid flow channel. 



3. The microfluidic substrate assembly of claim 2, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative as a fluid reservoir. 

4. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative as a light sensor across a microscale fluid 
flow channel within the multi-layer substrate. 

5. The microfluidic substrate, assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative as an ultrasonic actuator or transducer across 
a microscale fluid flow channel within the multi-layer substrate. 

6. The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is operative to generate fluid pressure in a microchannel 
of the substrate. 

7. The microfluidic substrate assembly of claim 6, in which the operative component mounted 
aboard the multi-layer laminated substrate is a thermal actuator. ~ 
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8. The microfluidic substrate assembly of claim 6, in which the operative component -is a 
micromachined pump, diaphragm pump, syringe pump or volume occlusion pump. 

. 9. The microfluidic substrate assembly of claim 1 , in which the operative component mounted 
aboard the multi-layer laminated substrate is operative io induce flow in a microchannei of the multi- 
layer laminated substrate endosmoticaUy or by electrochemical evolution of gases. 

10., The microfluidic substrate assembly of claim 1 , in which the multi-layer laminated substrate 
further comprises at least one fluid outlet port in fluid communication with the fluid inlet port within 
the multi-layer substrate. 

1 1 . The microfluidic substrate assembly of claim 1, in which the operative component mounted 
aboard the multi-layer laminated substrate is at least one electronic memory unit mounted to the 
subsirafel^^mbiy~a^ 

12 . " The microfluidic substrate assembly of claim 11, further comprising at least one operative 
component mounted aboard the multi-layer laminated substrate in communication with the 
rnicroscale fluid flow channel and operative to generate an electronic signal corresponding to a . 

J detected characteristic of fluid in. the rnicroscale fluid flow channel, wherein the at least one 
electronic memory unit is connected to the operative component to receive and record the electronic 
signal. 

13. A microfluidic substrate, assembly comprising a. generally planar multi-layer laminated 
substrate defining :J -\ ■■■■■■ 

at least one fluid inlet port.and at leastone rnicroscale fluid flow channel at each of more 
than one level within the multi-layer laminated substrate for transport of fluid, and 

- at -least one ; microchannei via extending between levels " within the multi-layer lam i nated 
substrate for fluid communication between rnicroscale fluid flow channels;of, different levels. 

{1.4-i The microfluidic substrate; assemblylof claim 13, in whichthe at least one microchannei has a 
configuration which is straight, curvo-linear, serpentine or spiral.- <• r.. *'v: * v . I > htwv'-t 
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15. A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow channel in fluid communication with 
the inlet port for transport of fluid, wherein at least one layer of the multi-layer laminat ed substrate is 
formed of plastic and the substrate assembly is operative and fluid tight at fluid pressure in the 
microscale fluid flow channel in excess of about 1 00 psi. 

1 6. The microfluidic substrate assembly of claim 1 5, in which the multi-layer laminated substrate 
is operative and fluid tight at fluid pressure in the microscale fluid flow channel in excess of about 
1000 psi. ' 

1 7 The microfluidic substrate assembly of claim 1 5, in which the multi-layer laminated substrate 
further comprises rigid plates sandwiching the plastic layer between them. 

1 8~ TEeTnuci^m 

laminated substrate are formed of plastic and are welded one to another, the rigid plates sandwiching 
the multiple plastic layer between them. 

19- The microfluidic substrate assembly of claim 1 8, in which the multiple plastic layers of the 
multi-layer laminated substrate are selectively welded one to another to form a fluid-tight seal along 
a channel within the substrate. 

20* A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 
least one fluid inlet port and at least one microscale fluid flow : channel within the multi-layer 
substrate in fluid communication with the inlet port for transport of fluid, in which at least one layer 
of the multi-layer laminated substrate is formed of PEEK ; - --A - 

21;. The microfluidic substrate assembly of claim . 20; in which the at least one PEEK layer is 
•foimedof amo^phous^PEEK.•' , : ^/okv.™ r\,y :•• : ■ ^c-^„.< ^- ..■■< 

\ 

22; :. .The microfluidic-siibstrate assembly)ofcl^ 20rin which the at least^one PEEK layer is 
formed of crystalline PEEK^-p m srrow;^ si* : j;\%*.-.<> ^y^i;-. v^<> 
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- 23. ; The microfluidic substrate assembly of claim 20, in which the at least one PEEK layer 
comprises IR absorbing species in concentration sufficient for IR welding of the PEEK layer. 

24. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
distributed substantially homogeneously throughout the PEEK layer. 

25. The microfluidic substrate assembly of claim 23, in which the IR absorbing species is 
disposed on the surface of the PEEK layer. 

26. The microfluidic substrate assembly/of claim 25, in which the IR absorbing species is 
selected from dyes, zinc oxide, silicon oxide and metal species. 

27. A microfluidic substrate assembly comprising a multi-layer laminated substrate defining at 



substrate in fluid co mmuni cation with the inlet port for transport of fluid, wherein at least first and 
second layers of the multi-layer laminated substrate are selectively welded to each other to form a 
fluid-tight seal at least along a channel within the multi-layer laminated substrate. 

28. The microfluidic substrate assembly of claim 27, in which the multi-layer laminated substrate 
■further comprises at least one environmentally sensitive structure intolerant to a transition glass 
temperature of the first and second layers. '' "~v "-^ 

29. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is an architectural feature of the microscale fluid flow channel, a mechanical sensor, a 
mechanical device, an electrical sensor, an electrical device, a fluid, chromatography reagents and 
any combination of them. 

30. The microfluidic substrate assembly of claim 28, in which the environmentally sensitive 
structure is disposed in the microscale fluid flow channel. 

31. A method of producing a multi-layer laminated substrate, comprising the steps of: 
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forming a surface-to-surface interface by aligning a surface of a first- substrate 
component against a surface of a second substrate component to form a substrate sub- 
assembly having an internal fluid channel at the interface; and 

exposing the sub-assembly to radiation to heat only one or more selected portions of 
the interface to a temperature sufficient to weld the substrate components together, to form a 
fluid-tight seal between the substrate components at the interface along the fluid channel. 

32. The method of claim 31 further comprising the steps of coating atleast a selected area of the 
surface of the first substrate component with a radiation absorptive material prior to forming the 
surface-to-surface interface. 



33. The method of claim 32, in which the absorptive material is coated onto only one or more 
selected portions of the surface of the first substrate component and the sub-assembly is exposed 

non-seleGtivdy^oJP^radiatioiL-^ ... . 



34. Thememodofclaun32 3 kwMchmeabsorptivematerialiscbatedonto 

the first substrate component and only one ormore selected portions of the interface are exposed to 



IR radiation. 



35. , The method of claim 34,m which the sub-assembly is exposed^ radiation through a mask 
having a configuration corresponding to the one or more selected portions of the interface. 
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